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ABSTRACT
Thompson, William R., M.S., 1988 Geology
Hydrogeology of the Jocko Valley, west-central Montana (82
7 - ^ - SU
Increasing conflicts over the allocation of surface water 
and a progressive decline in the water table have underscored 
the need for a comprehensive study of the hydrogeology of the 
Jocko Valley. The purpose of this study is to describe the 
geology and ground water hydrology of the Jocko Valley, with 
particular emphasis on surface-ground water interactions. 
Data collection included, a compilation of well logs, 
investigation of field exposures, monitoring of water table 
fluctuations, aquifer tests and water quality sampling. The 
study results were compared to surface water data for the 
same period to establish ground water-surface water 
interactions.
The surface morphology of the valley is dominated by Agency 
Fan and Jocko Fan. Agency Fan is a composite fan, formed by 
glacial and proglacial processes. It consists of a complex 
stratigraphie sequence of laterally discontinuous silt and 
gravel extending to a depth of over 500 ft. The aquifers form 
confined, discontinuous systems of relatively low 
permeability. Shallow wells (<150ft) are sensitive to 
fluctuations in surface flow and appear to receive recharge 
from irrigation seepage. Deeper wells have less annual 
fluctuation and may receive recharge from mountain valleys at 
the head of the fan.
The Jocko Fan stratigraphy is more consistent, forming 
three distinct units: a thick lower unit of fluvial gravel, 
sand, and silt; a middle unit of mixed silt, and silty 
gravel; and a thin upper unit dominated by coarse cobbles and 
gravel. The lower fluvial unit forms a highly permeable and 
laterally continuous aquifer. Ground water recharge is mainly 
through river and irrigation seepage during periods of high 
spring runoff. The Jocko River provides very little recharge 
to the ground water system south of the Jocko River; this 
area therefore, is particularly responsive to changes in the 
management of irrigation flows. A widespread decline in 
ground water levels across Jocko Fan has resulted from 
several consecutive years of exceptionally low snowpack. 
These results indicate that highly transmissive aquifers, 
such as Jocko Fan, are most susceptible to short term 
fluctuations in the amount and distribution of recharge.
ii
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HYDROGEOLOGY OF THE JOCKO VALLEY
CHAPTER I 
INTRODUCTION
In the last few years water management issues have 
sparked increasing controversy in the Jocko Valley. Water- 
use conflicts have centered around the maintenance of 
instream flows and the timing of irrigation diversions. 
More recently, a pronounced decline in ground water levels 
has raised questions regarding the effect of surface water 
management on ground water systems. These problems are 
typical of many intermontane basins of the Rocky Mountain 
northwest and reflect the Inherent difficulty of water
resource planning in a complex political and geologic
setting. As a result of these complexities, hydrologie 
systems tend to be poorly understood, and streams,
irrigation flows, and ground water are managed separately 
without regard to how these systems interact. As these
systems are increasingly stressed, water use conflicts are 
emerging. Resolving these problems will require a 
fundamental understanding of the local and regional 
hydrogeology and a more comprehensive approach to planning.
The goal of this study is to identify the geologic 
processes and resulting deposits that form the Jocko Valley 
and to describe the surface and ground water systems of the 
area with special e m phasis on surface-ground water 
interactions. Specifically this project attempts to:
1
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1) Delineate the principle aquifers;
2) Establish the hydrologie properties of these aquifers;
3) Identify both the timing and sources of aquifer recharge 
and discharge
M) Establish patterns of ground water flow;
5) Characterize ground water-surface water interactions.
STUDY SETTING 
Location
The Jocko Valley is a small intermontane basin in 
western Montana, located along Highway 93 approximately 20 
miles to the north of Missoula and five miles to the south 
of Saint Ignatius. The study area lies between the Missoula 
and Mission Valleys, within the boundary of the Flathead 
Reservation. In this study, I use "Jocko Valley" to 
describe the main valley, which surrounds the town of Arlee; 
a three mile by ten mile area bordered to the northeast by 
the Jocko Hills, the southeast by the Rattlesnake Range and 
the west by the Nine Mile Range (Figure 1 ).
Climate
The climate of the Jocko Valley is semi-arid. 
Precipitation averages approximately 15 inches in the 
valley and may reach 60 inches in the surrounding mountains 
(Parrett and Omang, 1981). Winter snowpack within the 
valley is light; although, heavy snow accumulations occur in 
the surrounding mountains. Spring melt may begin as early 
as January during some years, however, runoff usually peaks
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
STUDY SITE
O
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F i g u r e  1.  S t u d y  l o c a t i o n  ( n o t  t o  s c a l e )
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in April or early May.
Geomorphology
At the southeastern end of the Jocko Valley, a series 
of terminal moraines spill from the canyons of East Finley 
and Agency Creeks. These moraines coalesce with a broad 
alluvial fan that fills the southern end of the valley, 
herein referred to as Agency Fan (Figure 2). The surface of 
the Agency Fan slopes steeply to the north dropping
approximately 600 ft from the apex to the toe of the fan.
The Jocko River emerges from Jocko Canyon on the
southeast side of the valley. Its large fan fills most of 
the valley north of Agency fan. This fan is described as 
the Jocko Fan within this report- The Jocko Fan slopes from 
the mouth of Jocko Canyon to the northern boundary of Jocko 
Valley, dropping a total of 650 ft.
The principal streams feeding Agency Fan are Agency
Creek, Finley Creek and East Finley Creek. These streams 
are relatively small and do not incise Agency Fan. Agency 
Creek flows northward down Agency Fan and then turns 
abruptly westward, where it is diverted along the
topographic low at the boundary of Agency and Jocko Fans.
The Jocko River has deeply incised the Jocko Fan. At
the head of the fan the river has cut over 100 ft into the 
fan, creating a series of narrow terraces along the river. 
North of Arlee, the river cuts through a bedrock spur
extending from the edge of the valley. The top of the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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bedrock spur forms a level bench, thinly covered by Lake 
Missoula sediment. Downstream, the incised channel opens on 
to a broad terrace cut into the Jocko Fan and exposes a 
thick sequence of Lake Missoula sediments along the 
northwest margin of the valley. At the northern end of the 
valley these Lake Missoula sediments drape unconformably 
over benches of reddish Tertiary(?) clay and gravel.
Geologic Setting
PreCambrian metasedimentary rocks of the Belt 
Supergroup underlie and surround the Jocko Valley. These 
rocks are mainly argillite, quartzite and carbonate. The 
Jocko Valley is bounded by normal faults which follow the 
NW-SE structural fabric of the area. The most recent map of 
the bedrock geology of the area is by Harrison (1987), a 
geologic map of the Wallace 2 sheet (1:250,000.). Winston 
(1987) provided a regional overview of the PreCambrian Belt 
stratigraphy and briefly described the geology of the Jocko 
Valley in one of the field trip guides.
The Quaternary geologic setting of the Jocko Valley is 
typical of many areas in the Rocky Mountain northwest. The 
wide swings in climate, and the proximity to both alpine and 
continental glaciers exposed the Jocko Valley to diverse and 
rapidly changing patterns of deposition. The Quaternary 
geology of the valley has been discussed by several authors. 
Alden (1953) provides a broad overview of the Quaternary 
geology and briefly describes the salient Quaternary
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
features in the Jocko Valley. Curry and others (1977) also 
describe several prominent Quaternary features within the 
Jocko. Deposits associated with Lake Missoula flooding were 
first described in the Jocko Valley by Pardee (1910) and 
more recently by Chambers (1971). The relative dating of 
alpine glacial deposits in the south end of the Jocko Valley 
was done by Elison (1981), while Stoffel (1980) describes 
and compares unconsolidated deposits in the north end of the 
Jocko Valley to morainal deposits in the Mission Valley.
Hydrologie Setting
The natural hydrologie systems in Joeko Valley have 
been intensely modified by over 60 miles of irrigation 
canals, which redistribute water from virtually every stream 
in the valley. In addition, canals divert water from the 
Jocko River watershed to the St. Ignatius irrigation system. 
Most of these diversions take place during high discharge 
periods in the late spring-early summer months.
With the exception of U. S. Geological Survey gaging 
records covering the period from 1908 to 1919» no published 
data exists describing the hydrology of surface or ground 
water systems in the Jocko Valley. A reconnaissance study 
of the hydrogeology of the Flathead Reservation, was 
recently undertaken by the Ü.S.G.S and is due for 
publication soon. A current study by the U.S.G.S is aimed 
at quantifying water loss from irrigation ditches and 
includes a study site within the Jocko Valley. Lazuk (1988)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Is using resistivity techniques to characterize bedrock 
aquifers, and has examined several bedrock wells on the west 
side of Jocko Valley.
Report Format
This report is organized into four additional Chapters. 
Chapter 2 describes the study methods. Chapter 3 describes 
the Geology. Chapter 4 describes the Hydrogeology. This 
chapter is divided into two sections: Aquifer Properties and 
Ground Water Flow. The Aquifer Properties section describes 
the geometry and hydrologie properties of Agency Fan and 
Jocko Fan. The Ground Water Flow section discusses 
direction of ground water flow, annual fluctuations and 
sources of recharge. It concludes with a discussion of the 
long term trends in ground water levels. Chapter 5 contains 
a summary of the conclusions and recommendations for further 
study.
8
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CHAPTER II 
METHODS
A compilation of well logs and observations of field 
exposures provided data to interpret the geology and 
stratigraphie framework of the valley. The principle 
sources for well logs of non-tribal wells were the State of 
Montana Department of Natural Resources and Conservation 
(DNRC) (for wells drilled from 1973 to present) and the 
State Bureau of Mines and Geology (for wells drilled between 
January 1, 1962 - present). Well logs for wells drilled on 
tribal land were collected from the Confederated Salish and 
Kootenai Tribes (CSKT) in Pablo, the Indian Health Service 
in Saint Ignatius, and the U.S. Department of Housing and 
Urban Development (HUD) office in Pablo.
I constructed cross-sections of the valley illustrating 
well depth, stratigraphy, and water levels. I also plotted 
specific capacity data (discharge/drawdown) calculated from 
information driller's logs and used the results to determine 
whether variability in the well log descriptions reflected 
actual changes in the stratigraphy, or differences in how 
drillers describe well cuttings.
I located outcrops within the valley and recorded the 
stratigraphie sequences. I analyzed the clay minerals in 
several outcrops and well cuttings using x-ray diffraction 
techniques (Thompson and Jennings, 1986). I compared the 
results to the mineralogy of known Tertiary and Quaternary
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
age deposits, (i.e. Thompson and Others, 1982; Seija, 1959). 
Published accounts of the regional and local geology of the 
surrounding area helped me interpret these results and 
establish a generalized conceptual model of the geology of 
the area.
I collected hydrologie data to establish aquifer 
characteristics, ground water movement, and recharge 
discharge relationships. I used cross-sectional data and 
aquifer test results to define the boundaries and hydrologie 
properties of the aquifers. The aquifer test results 
reported in driller's logs were my principal source of data. 
Values for hydraulic conductivity (K) and transmissivity (T) 
were calculated using Jacob's (1963) modified Theis equation 
for non-steady state flow to a well. I estimated the
storage properties of the aquifers from literature values 
(Lohman, 1979; Driscoll, 1986). Aquifer thickness was 
derived from well logs and cross-sectional data.
I conducted aquifer tests on several domestic wells to 
improve the estimates of K and T made from driller's logs. 
Water level fluctuations were measured using a pressure 
transducer and calibrated with steel tape measurements. A 
constant discharge was maintained throughout the test using 
two circular orifice weirs. These tests provided a basis to 
interpret whether the tests conducted by the driller had 
reached steady state. Wells assumed to have reached steady 
state were corrected for the effects of partial penetration
10
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(Driscoll, 1986),
I monitored the ground water fluctuations in 19 
domestic wells over a period of 15 months. Water levels 
were measured on a monthly basis over most the year, 
increasing to weekly measurements during the period of 
spring water level rise. I used these data to construct 
potentiometric maps and cross-sections comparing ground 
water levels to surface water stage. I constructed flow 
nets from these maps which helped to establish the direction 
of ground-water flow and to identify recharge and discharge 
areas.
Water quality samples were collected using standard 
procedures (U.S.G.S., 1977) and analyzed at the University
of Montana Chemistry Department laboratory for major anions 
and cations. The identification of specific water types and 
their distribution assisted in characterizing recharge 
relationships.
Finally, I compared ground water and surface water 
hydrographs to establish the ground water response to 
changes in surface flows. Discharge data (C.S.K.T., 
unpublished data) provided a means of quantifying the 
surface-ground water interactions.
11
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CHAPTER III 
GEOLOGY 
Introduction
The Quaternary history of this area is very complex. 
The diverse depositional processes associated with 
Pleistocene glacial advances have played a major role in 
Quaternary deposition. The first portion of this chapter is 
therefore, a brief review of the regional glacial geology. 
The bulk of this chapter focuses on the stratigraphie 
framework of the Quaternary deposits within the Jocko Valley 
and concludes with a summary of the depositional processes 
and environments which may have formed these deposits.
Regional Glacial Geology 
Repeated advances of Quaternary alpine glaciers 
subjected the rivers in western montana to wide swings in 
sediment load. The advance of alpine glaciers is recorded in 
the sequence of moraines occupying alpine canyons in the 
Mission, Nine-mile and Rattlesnake mountains. A summary of 
the alpine glacial chronology used by different workers to 
describe these deposits is presented in Table 1. 
Continental glaciers also had a widespread impact on 
Quaternary deposition in the region.
During each major episode of continental glaciation the 
Cordilleran ice sheet invaded the Flathead Valley merging 
with alpine glacial fronts. The maximum known advance
terminated near Dixon (Alden, 1953; Richmond, 1965), just
12
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north of the Jocko Valley. Alden, however, described 
finding isolated outcrops of till on the pass south of St. 
Ignatius and in the north end of the Jocko Valley.
A more profound impact resulted from the Pend Oreille 
Lobe of the Cordilleran ice sheet which advanced down the 
Purcell Trench in northern Idaho damming the Clark Fork 
River. Lake Missoula formed as water backed up behind the 
ice dam flooding 3000 sq. miles °f northern Idaho and 
western Montana, an area roughly equivalent to Lake 
Michigan. Extensive silt deposits accumulated within the
lake from the sediment-laden melt water of alpine and 
continental glaciers. At high stand, water depths were 
sufficient to float the ice dam producing catastrophic
outbursts (Pardee 1910). Chambers (1979) and Waitt (1980) 
inferred up to 40 successions of ponding and draining. Lake 
Missoula may have reached its largest dimensions about the 
same time that alpine glaciers reached their maximum (Waitt 
and Thorson, 1983). According to Richmond (1965), the lake 
level reached 4400 feet during Bull Lake, 4200 feet during 
early Pinedale and 3850 feet during middle Pinedale,
Geology of the Jocko Valley 
The surface morphology of the Jocko Valley is dominated 
by Agency and Jocko Fans. Well logs reveal distinct
contrasts in their geology and hydrologie properties.
Figure 3 is a longitudinal cross-section of the Jocko Valley 
compiled from well log data. In Agency Fan there are
14
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dramatic changes In the depth, water level, and stratigraphy 
of neighboring wells. The Jocko Fan shows less variation in 
stratigraphy, and well depths, and water levels form a
consistent trend across the entire fans.
These contrasts reflect differences in the depositional 
environments. Agency Fan is a composite feature; its 
sediment supply originates from a series of stream canyons 
along its southern margin, near former glacial fronts. The 
Jocko Fan is fed by a single major river, draining an area 
at least ten times the size of any single stream feeding
Agency Fan, and it is farther from the lower limit of 
Pleistocene glaciation. The larger hydraulic regime and 
more distal environment produced more uniform and laterally 
continuous deposits. In light of these differences, the 
geology of the Jocko and Agency Fans are discussed 
separately.
Agency Fan
The principle drainages feeding Agency Fan are Agency
and East Finley creeks. Their valleys display evidence of
repeated glaciation. Massive moraines at the mouths of
these valleys grade into the Agency Fan. Elison (1981) 
recognized a sequence of moraines in Agency and East Finley 
Creeks that represent four to five separate periods of
deposition. He correlated the two oldest moraines with
Richmond's Bull Lake glacial episode and the younger 
moraines as Pinedale (Richmond, 1965). Figure 4 shows the
16
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positions of Bull Lake and Pinedale moraines inferred by 
Elison. The limit of Bull Lake ice is extrapolated well on 
to Agency Fan based on the configuration of lateral 
moraines. If Elison*s interpretation of the alpine morainal 
sequence is correct, glaciers may have advanced onto the 
upper Agency Fan during Bull Lake time. It is not clear, 
however, whether these glaciers reached their maximum extent 
before the rise of glacial Lake Missoula or whether the new 
moisture source provided by the expanding lake triggered 
their advance. Termination of these glaciers into the lake 
would result in the deposition of subaqueous drift along the 
southern margin of Jocko Valley and the dispersal of fine­
grained sediment throughout the basin.
Logs from 37 wells on Agency Fan were compiled from the 
well inventory (Appendix A). Cross-sections based on these 
well logs fail to reveal the presence of a wide spread 
stratigraphie framework. Hydraulic conductivity values
pcalculated from the driller’s test data average 100 gpra/ft 
and are characteristic of silty gravel.
There are no stream-cut exposures within the Agency 
Fan. Nevertheless, excavation sites, well logs, and well 
cuttings provided enough data to infer a generalized picture 
of the complex package of silt, sand, gravel and boulders 
which form Agency Fan. The surface of the fan is strewn 
with large boulders up to 14 feet in diameter, which locally 
lie in relatively thin, chaotic, matrix-supported
18
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conglomerates. These may be mudflow deposits derived from 
the silt-rich glacial deposits up fan. The upper 250 feet 
of the fan appears to be composed mainly of tan silt and 
gravel. Examination of a shallow basement excavation showed 
that at least part of this fine-grained unit consists of 
imbricated, clast-supported gravel and cobbles with a fine 
silty matrix. This unit is probably proglacial in origin, 
and represents outwash from alpine glaciers terminating 
immediately up-fan. Within this unit there are sequences 
of fine silt up to 25 feet in thickness, however these silt 
layers do not seem to be laterally extensive. X-ray 
diffraction of the clay component shows they are composed of 
illite, chlorite and kaolinite with very little smectite. 
The absence of an appreciable smectite component indicates 
that the clay is not Tertiary (Thompson and others, 1982) 
but more likely an accumulation of Lake Missoula sediment. 
Well logs from other wells in the area describe various 
proportions of silt, gravel, and boulders to a depth of 500 
feet. The detail and accuracy of these descriptions is 
inadequate to define whether the deeper strata is outwash, 
glacial till or Tertiary deposits. Bedrock lies at depth of 
300 ft at the west margin of the fan, and greater than 500 
feet in the central and eastern portion of Agency Fan.
On the north side of Evaro Pass at the head of Agency 
Fan a strikingly different sedimentary sequence is exposed 
(Figure 5). Thick crossbeds of gravel are underlain by a
19
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D e s c  r i p t i on
P o o r l y  s o r t e d ,  g r a v e l  t o  b o u l d e r s ,  g r a d i n g  u p w a r d  t o  
c r o s s b e d d e d  p e b b l e y  g r a v e l .
u n c o n f o r m i t y
P l a n a r ,  t a b u l a r  c r o s s b e d s  c o mp o s e d  o f  p e b b l e y  g r a v e !  
C l a s t s  a r e  we I I - s o r t e d  a n d  I m b r i c a t e d .  F i n e  wood 
f  r a g m e n t s  o c c u r  I o c a  M y .
P o o r l y - s o r t e d  c h a o t i c  a s s e m b l a b e  o f  c l a s t - s u p p o r t e d  
g r a v e l ,  c o b b l e s  and  b o u l d e r s .  C o n t a i n s  b o u l d e r  
s i z e d  r i p - u p s  o f  r e d i s h  c l a y  and  g r a v e l .  S e q u e n c e  
f i n e s  u p w a r d ,  g r a d i n g  i n t o  c r o s s - b e d d e d  g r a v e l .
F i g u r e  5 .  O u t c r o p  a l  -  A g e n c y  Fa n  g r a v e l  q u a r r y  ( l o c a t i o n  s h o wn  i n  P l a t e  1 ) .
chaotic amalgamation of poorly sorted boulders and gravel. 
There is a conspicuous lack of any fine-grained material, 
except in the form of boulder sized rip-ups of clay in the 
basal unit. The lack of fines distinguishes this outcrop 
from the silty-gravel which appears to make up most the fan. 
This deposit may have formed in response to early Lake 
Missoula outbursts as flood waters from Missoula Valley 
channeled through Evaro Pass. Evidence for this
interpretation exists in the restricted extent of this unit, 
its lack of fines, and the presence of large rip-up clasts. 
Pardee (1942) and Lister (1975) described remarkably similar 
deposits of crossbedded gravel on the lee side of passes in 
the Camas Prairie area and inferred that they formed as Lake 
Missoula drained through passes in the northern rim of the 
basin.
Wells along the west margin of the fan also reveal 
slightly coarser material to a depth of approximately 50 
feet. This coarsening probably resulted from the winnowing 
of the fines by Finley Creek.
Jocko Fan
The well inventory produced 114 logs from wells in the 
Jocko Fan (Appendix A, Plate 1). Compilation of these well 
logs into cross-sections shows that the Jocko Fan forms a 
much more laterally consistent sedimentary package than that 
of Agency Fan (Figure 6).
The cross-sections reveal three distinct units: A thin
21
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surface unit dominated by coarse gravel, cobbles and 
boulders, underlain by a mixed unit of silt and silty 
gravel, which Is underlain by an assemblage of gravel, sand, 
and silt that extending to a depth of at least 200 ft. The 
two lower units are exposed In a stream cut approximately 
two miles below the mouth of Jocko Canyon (SW4,NW4,SEC7, 
T16N,R19M). a massive sllty-gravel unit overlies a thick 
sequence of stratified sandy gravel (Figure 8). The upper 
unit Is 35 ft thick, poorly sorted, clast supported, and 
shows no stratification, other than two thin intervals of 
silt near the base. The silt in this unit Is pink, a 
distinct color change from the tan to gray silt and sand of 
the underlying unit. The lower unit Is also poorly sorted; 
however, It shows more stratification and contains more 
sandy intervals than the overlying unit.
The lower stratified silt, sand, and gravel unit may 
represent a normal, aggrading, fluvial environment occurring 
In response to early Quaternary glacial Intervals. The 
transition to the upper unit of pink, silt-bound gravel 
probably marks the onset of Lake Missoula flooding. During 
episodes of outburst, flood water would remoblllze lake 
silts and outwash gravel from the upper watershed, 
redeposlting them In the valley as flows emerged from the 
narrow confines of Jocko Canyon.
At mid-fan, In the vicinity of Arlee, the silty gravel 
Is replaced locally by thick silt layers. This transition
24
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D e s c r i p t i o n
G r a y ,  c a l i c h e  r i c h  z o n e ,  d o m i n a t e d  b y  
c o a r s e  g r a v e I - b o u I  d e r s . O v e r l a i n  b y  
f i n e - g r a i n e d  b l a c k  s o i l .
C I  a s t  “  s u p p 0 r 1 e d . g r a v e l  a n d  c o b b l e s  
w i t h  f i n e - g r a i n e d ,  p i n k  s i l t y  m a t r i x .  
S e q u e n c e  i s  m a s s i v e ,  s h o w i n g  n o  s i g n  
o f  s t r a t i f i c a t i o n  e x c e p t  f o r  t w o  t h i n  
l a y e r s  a t  l o w e r  b o u n d a r y .
We a k  1 y s t  r a t  i f  i e d , c l a s t - s u p p 0 r t  e d
8 f a v e ! a n d c 0 b b l e s  w i1 t  h s i 1 t t  0 s a n d
m a t  r i X .. 1 i g h t b r o w n  ' - t a n i n c 0 l o r .
T a t u s
is recorded in the outcrop on Saddle Mountain Road 
(NW4,SW4,SEC2,T16N,R20W), where a rhythmic sequence of 
coarse sand and gravel is overlain by a silt to clay 
progression indicative of gradually deepening water (Figure 
9). The predominantly fine-grained material in this 
exposure may correlate with the shallow silt unit described 
in well logs in this area and may represent Lake Missoula
sedimentation. The coarse sand and gravel units truncating
the silt-clay layers could represent a more distal version 
of the Lake Missoula outburst deposits appearing up-fan.
Thick silt intervals appear with increasing frequency 
in wells down-valley and they may correspond to a thick,
laterally continuous terrace of varved lake Missoula silt 
along valley margins to the north. Five and a half miles 
north of Arlee, (NE4,SW4,SEC16,T17N,R20W) a road cut along 
HVfY 93 exposes a 30 ft thick sequence of buff-colored Lake 
Missoula sediments. On the northwest half of the exposure, 
the lake sediments are underlain by an irregular lobe of 
matrix-supported gravel. The matrix is composed of buff 
colored silt, identical to the overlying lake silt. Most 
clasts are gray quartzite of the Revett Formation. The 
lobate shape of the matrix-supported gravel unit and the 
monolithologie nature of the clasts support a mudflow 
interpretation. The Lake Missoula sediments may have failed 
when the lake was rapidly drained, incorporating colluviura
from the Revett Formation at the valley margins.
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Figure 9. Outcrop J2 ~ Saddle Min. Rd. (see Plate 1)
Exposures near the mouth of Jocko Valley reveal lake 
silt draped unconformably over orange clay and gravel. These 
deposits appear to be of Tertiary age judging from their 
deeply weathered appearance and high smectite content. 
Coalescing colluvial fans on the northeast valley margin 
that slope upward from the lake terraces to the valley wall 
and may be composed of similar Tertiary sediment.
At the mouth of Valley Creek (ME4,SW4,SEC8,T17N,R20W), 
Alden (1953) located a deposit that he believed to be 
glacial till between the Tertiary and overlying Lake 
Missoula sediment. He based this interpretation on the 
appearance of the deposits and the presence of striated 
pebbles. Alden suggests that the till was emplaced during 
an early Pleistocene advance of glaciers from Squaw Peak to 
the southwest. Curry and others (1979) suggested instead 
that continental ice may have reached this site from Dixon, 
or that Mission Range glaciers may have extended down the 
Jocko River drainage. These scenarios require extensive ice 
deposits for which there appears to be no clear 
morphological evidence. Other lines of evidence point 
towards a Tertiary origin. Alden commented on the 
similarity of the till(?) to underlying Tertiary deposits 
and noted the presence of lignite in both units. Stoeffel 
(1980) found that the clay in the till(?) had an anomalously 
high content of smectite, which is characteristic of 
Tertiary deposits. The similarity in appearance and
28
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composition of the till(?) to the Tertiary sediment strongly 
suggests It may actually be a mud flow or colluvial deposit 
derived from the underlying Tertiary material.
Conclusions
The proximity of Agency Fan to terminal moraines and 
the abundance of boulders on Its surface suggest the 
Importance of glacial and proglaclal activity In forming 
this fan. Glaciers may have advanced onto upper Agency Fan 
during Bull Lake time. Termination of these glaciers In to 
Lake Missoula produced subaqueous drift along the southern 
margin of Jocko Valley and dispersed fine-grained sediment 
throughout the basin. During Lake Missoula outbursts, water 
probably flowed north through Evaro Pass, building coarse­
grained channel deposits on Its leeward side. The rapid 
draining of the basin may have produced conditions conducive 
to slope failure, particularly In the fine-grained glacial 
deposits. Outwash from subsequent glaciations mantled 
earlier deposits. Interrupted by interludes of glacial Lake 
Missoula flooding and silt accumulation. The lower glacial 
lake stands of middle and late Pinedale (Richmond, 1965) 
were not high enough to reach alpine glaciers or produce 
significant flows northward through Evaro Pass. Following 
the last glacial period, stream flow has been Insufficient 
to Incise the fan. Mudflows capping the sedimentary 
sequence are the last significant process to affect the fan. 
This sequence of events produced a complex sedimentary
29
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sequence dominated by interfingering silts and gravel.
Quaternary glacial episodes may have also dominated the 
deposition of the Jocko Fan as the Jocko River flushed 
glacially-derived sediments out of the upper watershed. 
During Bull Lake and Pinedale glaciations subaerial 
deposition was interrupted by periods of inundation by 
glacial Lake Missoula. Large quantities of silt were 
deposited in the basin and remobilized along with in situ 
gravel during outburst floods. As sediment-laden water 
flushed out of the upper watershed, it left the relatively 
constricted confines of Jocko Canyon and deposited much of 
its load as it spread out in the main valley. These high 
discharge events removed Lake Missoula deposits from the 
upper portion of the fan and replaced them with an 
amalgamation of poorly sorted silt, sand, gravel, and 
boulders. As the glacial stage waned, sediment supply 
decreased and the Jocko River slowly began to winnow the 
fines from the fan surface, ultimately down-cutting through 
the thick wedge of glacially-derived material. Meandering 
over the upper half of the valley was restricted by the 
rapid rate of down-cutting and the entrenchment of the river 
into the bedrock spur at Jocko Hollow. Downstream, the 
river continued to meander cutting a wide terrace in the fan 
and reworking the sediment.
30
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CHAPTER IV 
HYDROGEOLOGY
Ground water in the Jocko valley is stored in 
PreCarabrian bedrock, Tertiary and Quaternary sediments. Of 
these sources, fractured bedrock and Tertiary deposits yield 
a relatively minor amount of water compared with the coarse­
grained Quaternary valley fill. In the following section I 
briefly describe the hydrogeology of the Tertiary and 
PreCambrian bedrock aquifers. The remainder of this chapter 
presents a detailed account of the hydrology of the 
Quaternary aquifer systems.
PreCambrian Bedrock Aquifers
Wells completed in bedrock lie around the margin of the 
valley where Quaternary sediments are either lacking or are 
too fine-grained to form productive aquifers (Plate 1). The 
recrystallized textures of the PreCambrian bedrock provide 
virtually no porosity, consequently ground water is 
controlled by secondary porosity, developed as cleavage, 
fractures and joint sets.
Well logs indicate the bedrock aquifers are confined. 
Lazuk (personal communication, 1988) inferred from 
resistivity work that a clay-rich zone of highly weathered 
bedrock overlies the more coherent fractured bedrock, acting 
as a confining layer. I observed this in a basement 
excavation which exposed a thick layer of clay and angular 
r o c k  f r a g m e n t s  o v e r l y i n g  t h e  b e d r o c k
31
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(SWM,SW4,SEC10,T16N,R20W)
Bedrock wells in the Jocko Valley vary in depth from 
20 - 1300 ft, most wells are between 100 and 230 ft deep.
This is consistent with the geophysical work done by Lazuk 
that indicates porosity tends to be greatest from 80-150 
feet, and diminishes at depth. Thicker bedrock aquifers lie 
in well developed drainages and along fault zones.
Hydraulic conductivity values calculated from well log 
data range from 1 to 57 gpd/ft^. The highest values are 
associated with the dolomitic Helena Formation. Typical 
yields from bedrock aquifers are around 10 gpm with a 
resulting drawdown of 40-60 ft.
Tertiary Aquifers 
Tertiary sediments are exposed in the north end of the 
valley. The narrow fan flanking the hills along the 
northeast side of the valley is interpreted to be of 
Tertiary age based on the clay mineralogy, and the highly 
weathered appearance of the sediments. The well inventory
shows very few wells completed in this unit. The well log
from Well-150 located at the north end of the fan (Plate 1) 
describes a 200-foot thick sequence of clay and gravel, 
containing fragments of coal near the base. This well was
finished within the underlying bedrock. No significant 
source of water was located within the Tertiary deposits. I 
found only one well that was completed in this unit, Well-
151 (Plate 1). The hydraulic conductivity derived from the
32
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driller’s data is 27 gpd/fb^, among the lowest values
calculated.
Tertiary sediments also outcrop under Lake Missoula
deposits just south of the mouth of Valley Creek
(T17N,R20W,SEC8,SW4,NE4) . Three wells here (Well 
143,144,145) show a similar clay and gravel unit below the
lake sediments. Two of these wells (#143 and #144) found no 
water in this unit and were completed in bedrock. The third 
well (#145) is completed in the "gravel and clay" unit, but, 
no aquifer test data was reported.
The low permeability of the Tertiary material limits
its use a water source. In areas where no significant
Quaternary gravel exists, fractured bedrock aquifers support 
more wells than the overlying Tertiary sediments.
Quaternary Aquifers 
The dramatic differences between the geology of Agency 
Fan and Jocko Fan result in very different aquifer systems. 
The proximity of Agency Fan to Pleistocene: glaciers and the 
composite nature of the fan have produced a system of
complex interfingering silts and gravel. A^ifers within
the fan are extremely variable, though generally fairly
fine-grained, and limited in lateral extent. The depth at
which water occurs varies widely between neighboring wells.
In contrast, the Jocko Fan has been built by a much larger 
hydrologie regime. Although there is variability within the 
aquifer, the permeabilities tend to be uniformly higher than
33
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those of Agency Fan and water levels correlate in wells 
across most of the fan.
Aquifer Geometry
Agency Fan
Unraveling the geometry of the aquifers in Agency Fan 
is difficult because of its highly variable stratigraphie 
framework and the relatively sparse well data. Despite 
these limitations some general trends are apparent in the 
well logs.
Well logs record ground water at very shallow depths 
over much of the fan, generally from 10 to 50 feet. Across 
the lower portion of the fan ground water is consistently 
reported to a depth of 150 ft. Vertical and lateral 
variations in permeability within this zone are common due 
to differences in silt content. Finley Creek appears to 
have winnowed some of the fine-grained sediment from the 
gravel, enhancing the permeability of the shallow aquifer 
along the west margin of the fan. Consequently, most wells 
in this area draw water from the shallow aquifer.
The shallow aquifer is not very productive, and in many 
areas well logs do not report ground water within this 
interval. Other wells scattered throughout Agency Fan and 
extend to depths greater than 500 feet. These deeper wells 
penetrate a similar sequence of silt and gravel, however, 
the permeable zones appear to decrease with depth.
Bedrock lies at a depth of approximately 300 ft along
34
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the west margin of the fan; however, It drops off to the
east. Wells in the center and eastern portion of the fan 
extend down to 525 feet without encountering bedrock.
Jocko Fan
The Jocko Fan aquifer occupies the lower portion of the 
Jocko Valley. The water table lies approximately 150 feet 
below the surface at the head of the fan and becomes
progressively shallower to the north. The silty-gravel unit 
overlying the aquifer grades down-fan into a relatively 
continuous silt layer. Near mid-fan the water table 
contacts this silty layer and the aquifer becomes confined. 
Since no wells fully penetrate the aquifer, its thickness is 
unknown. The aquifer thickness, interpolated from bedrock 
depths in Jocko Canyon and at the mouth of the Valley, would 
be approximately 325 feet, given a gradient similar to that 
of the current Jocko River (Figure 10). The actual
thickness of the aquifer may vary substantially, 
particularly near the valley margins where there is evidence 
for the interfingering of finer Tertiary and Quaternary
sediments.
Aquifer Properties
Table 2 summarizes the specific capacity, hydraulic 
conductivity and transmissivity results calculated from well 
log data.
35
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TABLE 2. Aquifer hydrologie properties
1Aqui fer
i
Specific 1 
Capacity (gpm/ft)l 
min max ave 1 min
K
(gpd/ft2) 
max
1
1
ave 1 min
T 1 
(gpd/ft) 1 
max ave i
1 Jocko . 1 350
T
20 1 1 . 5 58000
4
2000 1317 9E+6 3280001
1 Agency 0 . 03 8
1
. 88 11 2 600
Î
100 1 44 14000 10001
1 Finley Ck 0.43 9 . 5 2.7 11 85 5000 17501600 37000 13000 1
1 Bedrock 0 .02 2 0.62 I 0 . 2 17 7 1 36 1000 1
’Tert iary . 04 1‘ 3 . 4 1----- J. 68 1..........i
I conducted several aquifer tests using domestic wells 
in an attempt to refine these numbers (Appendix C), however,
I ran into difficulty due to the limited range of discharge 
available from these wells. Maximum discharges were 
approximately 10 gpm. Wells tested in the Jocko Fan 
stabilized within seconds with only inches of drawdown. In 
contrast, drawdown in wells tested in Agency Fan were so 
large that it was difficult to separate the effects of 
casing storage.
The distribution of well specific capacity data 
calculated from 162 well logs is shown in Figure 11. Higher 
values appear to lie within Jocko Fan and along Finley 
Creek. These values reflect areas of higher hydraulic 
conductivity and/or more extensive aquifers. The results of 
specific capacity, hydraulic conductivity and transmissivity 
calculations from well inventory data are listed in Appendix 
B. These results are summarized for each aquifer in the 
following section.
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Agency Fan
Specific capacities for Agency Fan range from 0.03 to 
9 .5 gpm/ft. The higher values come from the shallow aquifer 
along Finley Creek. Hydraulic conductivities and 
transmissivities repeat this trend.
Transmissivities along Finley Creek range from 600 to 
37*000 gpd/ft and average 5,000 gpd/ft. Hydraulic 
conductivities vary from approximately 100 to 1,800 gpd/ft2 
with an average of 734 gpd/ft2. This range of K values is 
indicative of sand to well-sorted gravel and probably 
represents the local deposition of fluvial gravel by Finley 
Creek.
In contrast, the wells located over the rest of Agency 
Fan exhibit much lower values of T and K. The average
transmissivity is 700 gpd/ft2 and the average hydraulic 
conductivity is only 100 gpd/ft2. These low conductivities 
reflect the large amount silt in the aquifer system. 
Drawdowns of 40-80 ft are typical at discharges of 5 to 10 
gpm with some wells experiencing as much as 165 feet of 
drawdown. I observed no significant trends associated with 
changes in depth.
Jocko Fan
The aquifer within the Jocko Fan appears to be both
more permeable and more extensive than other aquifers in the
area. Specific capacities range from 0.1 to 350 gpm/ft and 
average approximately 20 gpm/ft. Particularly high values
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are found at the head of the fan as the Jocko River emerges 
from the canyon and also in the lower half of the valley. 
Scattered lower values are found along the fan margin.
Data from 88 well logs produced T values ranging from 
317 to 10,000,000 gpd/ft, with an average transmissivity of 
328 ,000 gpd/ft. K values range from 3,000 to 300,000
gpd/ft2 and average 2,000 gpd/ft2. Extremely high values at
the head of the fan and in the lower end of the valley skew
the average upward. The median K value is closer to 1200
gpd/ft2. These K values are typical of well-sorted gravel.
Groundwater Flow
I was able to construct potentiometric maps outlining
the direction of ground water flow from the monitoring well 
data (Appendix D) and the well inventory results (Appendix
A). Ground water on Agency Fan generally follows the 
topographic trend of the fan (Figure 12). The slope of the 
potentiometric surface decreases abruptly at the juncture 
with Jocko Fan, and ground water along the eastern margin of 
the fan shifts westward due to the influx of water from the 
Jocko River and Jocko Canyon. The flow lines diverge from
Jocko Canyon and proceed northwest following the confines of 
the valley. At the north end of the Valley, flow lines
converge as ground water moves towards the narrow outlet to 
the north.
There are several potential sources of recharge to the
40
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ground water systems within the valley: direct recharge,
surface water recharge and lateral ground water inflow. 
There is very little evidence that direct recharge 
contributes significantly to ground water storage during 
most years. Even during relatively large rainfall events 
such as occurred in July 1987, no corresponding rise in , 
ground water was observed. Most infiltrating rain water may 
be absorbed in the soil and then lost to évapotranspiration. 
Any rain water that does reach the water table appears to 
have relatively minor effect on ground water levels.
The melting of snow accumulated during winter months is 
also a potential source of direct recharge, however, the 
amount of recharge due to infiltration is strongly affected 
by the presence of soil frost. Nimlos and King (1986) have 
found that intermontane valleys of western Montana are
normally subject to the formation of a relatively 
impermeable frost layer from mid-November to mid-April. A 
mid-April thaw would coincide with the period of rapid water 
table rise; however, most snow in the valley is gone well
before this date.
The relative importance of recharge from ground water 
influx versus surface water seepage varies both spatially 
and temporally within the valley. The magnitude and timing
of ground water fluctuations, along with surface water 
discharge data were used to help assess the influence of
these recharge sources on each aquifer.
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Agency Fan
I monitored the water levels in six wells on Agency Fan 
(Figure 13). These included: two deep wells (MW-A1, MW-A3), 
two shallow wells (MW-A4, MW-A5) and two wells along Finley 
Creek (MW-A2, MW-A6).
The shallow wells on Agency Fan have the greatest 
seasonal variation in water levels (Figure 14). 
Fluctuations in water levels in these wells ranged from 17 
to 25 ft. The steep slope and irregular shape of their 
hydrographs reflect the responsiveness of the aquifer to 
short period fluctuations in recharge. The timing of water 
level fluctuations suggest that irrigation losses are a 
principal source of recharge to this shallow aquifer. The 
seasonal fluctuations in the well hydrograph for MW-A5 
closely coincide with the timing of irrigation flows (Figure 
15). MW-A4 also appears to be very sensitive to discharge 
changes in the adjacent irrigation ditch. In late February 
there was a period of extensive ice build-up in the 
irrigation ditch, which effectively reduced ditch flow and 
prevented appreciable seepage losses. The water table in 
Well MW-A4 dropped dramatically, leaving the well dry. Well 
recovery coincided with the thawing of the irrigation ditch 
two weeks later.
The hydrographs from the deeper wells are characterized 
by low annual fluctuations and broad peaks. Annual 
fluctuations ranged from five to eight feet. The depth to
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to water table fluctuations in the shallow Agency Fan 
aqu ifer.
these aquifers and the low transmissivity of intervening 
sediments isolates these wells from the effects of short 
period fluctuations in surface flow. The timing of ground 
water fluctuations in the two deep wells (MW-A1, MW-A3) is 
more ambiguous than the shallow system. The rise of water 
level in well MW-A1 appears to coincide with the spring rise 
in Finley Creek; however, after the first of May, Finley 
Creek discharge drops rapidly but water levels in MW-A1 
continue a gradual rise through November. In well MW-3A, 
water levels do not begin to rise until the first of May and 
peak about the first of September. Recharge for these wells 
probably originates from seepage losses in the stream 
canyons at the head of the valley and as ground water influx 
from bedrock aquifers. The lag in the timing of peak levels 
may simply represent the increased infiltration time 
necessary to reach these deeply buried aquifers.
The wells along Finley Creek are also characterized by 
low annual fluctuations; however, the water levels rise and 
fall more abruptly. Despite the shallow depth of these 
wells annual fluctuations are only five to six feet. Water 
table fluctuation in this area is probably buffered by 
seepage loss from Finley C r e e k . Synoptic gaging 
(simultaneous discharge measurements) by the C.S.K.T. 
indicate Finley Creek is losing one to three cfs over this 
reach (Appendix F). Although the total annual water table 
fluctuation is stabilized by the proximity to this perennial
47
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source of recharge, ground water levels respond quickly to 
short period fluctuations in surface flows. Ground water 
levels also appear to be responsive to irrigation flows. 
Ground water fluctuations in Well MW-A2 closely follows 
stage changes in irrigation ditches (Figure 16).
The lack of data on bedrock aquifers at the head of 
Agency Fan or the geometry of the sedimentary fill make it 
impossible to derive meaningful estimates for ground water 
influx to this area. The low hydraulic conductivities
associated with bedrock wells throughout the valley suggest 
that influx from this source is probably secondary to 
surface water sources and to influx through the sedimentary 
aquifers occupying the mountain valleys at the head of 
Agency Fan.
Jocko Fan
I recorded water level fluctuations in 13 wells on
Jocko Fan (Figure 17). Most of these monitoring wells are 
concentrated on the upper half of the fan in areas critical 
to recharge. Ground water levels varied less than 2 ft in 
well MW-J12 at the lower end of the fan and increased to 27 
ft in well MW-J1 at the head of the fan (Figure 18). The
highest annual fluctuations are at the southern boundary of 
Jocko Fan. This area receives very little perennial
recharge from the Jocko River; most of the recharge may be
derived from irrigation seepage and the relatively low 
permeability aquifers in Agency Fan. This results in a high
48
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annual fluctuation in ground water levels, with monitoring 
wells in this area recording variations from 30-40 ft. The 
rise in ground water levels appears to be restricted to a 
brief period in the spring associated with spring thaw, high 
runoff and the flooding of irrigation ditches. The rise in
the water table begins in mid-March and culminates by the
last week in June. The timing of recharge is progressively 
later down-fan (Figure 19). The hydrographs from the wells 
at the head of the fan respond more rapidly to changes in 
recharge. Well MW-J1, at the head of Jocko Fan, reaches its 
annual low about March 14, however Well MW-J9 continues to
drop until late April, five weeks later than MW-J1. Peak
water levels follow a similar trend, however, they appear to 
migrate across the fan more rapidly. MW-J1 peaks in the 
first week of June and MW-J9 peaks in the third week of 
June. The timing and magnitude of recharge may vary from 
year to year due to the duration and timing of spring snow 
melt. The implications of an early runoff are that both 
stream and levels peak sooner and begin dropping earlier in 
the season.
Recharge may come principally from ground water inflow 
through Agency Fan and surrounding bedrock aquifers, and 
recharge from surface water sources, primarily the Jocko 
River and the irrigation network. Each of these potential 
sources is discussed below.
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Figure 19. Hydrographs from Jocko Fan monitoring wells showing 
variations in the timing of spring water level rise.
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Lateral Ground Water Inflow
Aquifers in PreCambrian bedrock, Agency Fan, and Jocko 
Canyon all contribute water to Jocko Fan. The magnitude of 
recharge depends on the hydraulic properties of the source 
aquifer and the area over which the two aquifers contact.
Flow from Agency Fan appears to move directly down-fan 
and into the Jocko Fan aquifer. Although the fans share a 
large border, recharge is limited by the lew permeability 
and discontinuous nature of the Agency Fan aquifers. 
Darcy's equation for ground water flow provides a technique 
to roughly estimate the magnitude of potential recharge from 
Agency Fan. An area of intersection 50 to 100 ft thick and 
3 miles long between Agency and Jocko Fan would provide on 
the order of 250,000-500,000 ft^/day (3 to 6 cfs) of 
recharge. This is based on the average hydraulic
pconductivity calculated from driller's logs (lOOgpd/ft ) and 
a hydraulic gradient of (.04), estimated from the 
potentiometric map (Figure 12).
Ground water inflow through Jocko Canyon may also 
recharge to the Jocko Fan aquifer. Drillers report that 
bedrock lies at a depth of 120 to 150 ft at the mouth of 
Jocko Canyon. Approximately 60 feet of saturated gravel 
appears to lie above bedrock. Extrapolating bedrock down 
from the canyon sides gives an average width of 600 ft. The 
cross-sectional area therefore, appears to be roughly 36,000 
ft^. Again using Darcy's law, the estimated ground water
54
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discharge from this canyon is approximately 86,400 ft^/day 
or 1 cfs. This assumes a ground water gradient of .01 (the 
stream gradient) and an average hydraulic conductivity of 
2000 gpm/ft^ (Table 2).
Recharge from bedrock aquifers appears to fall within a 
similar range. Using Darcy's law and assuming 12 miles of 
contact with a bedrock aquifer 100 feet thick produces an 
estimated recharge rate of approximately 425,000 ft^/day or 
5 cfs. This is based on a gradient of 0.05 derived from 
bedrock wells in the Arlee area and a hydraulic conductivity 
of 7gpm/ft^. There is a large potential for error in this 
calculation, however, this calculation demonstrates that, 
despite the large area of recharge, the total influx of 
water is limited by the low transmissivity of the bedrock 
aquifers. The actual recharge may be even lower due to the 
low permeability zone of weathered bedrock which typically 
separates the productive zone of fractured bedrock from the 
surface. The largest potential source of ground water from 
bedrock may come from the Helena Formation carbonates 
bordering the east side of Jocko Fan. Wells finished in the 
Helena dolomite tend to have higher transmissivities than 
other bedrock wells. In addition, the steep topography may 
result in high ground water gradients in this area.
Surface Water Recharge
Seepage losses from the Jocko River is a major source 
of recharge to the ground water system. Profiles comparing
55
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the elevation of the Jocko River with ann maximum and 
minimum water table elevations delineate gaining and losing 
reaches of the river and illustrates how these reaches shift 
over the year (Figure 20). During mid-June when the water 
table was peaking at the head of the fan, the losing reach 
of the river extended about 2.6 miles down from the head of 
the fan. As the water table dropped the losing reach 
advanced almost a mile downstream.
Most recharge appears to occur at the head of the fan. 
During early March only wells in the first mile of Jocko Fan 
show a response to the rising river levels (Figure 21). 
Wells down-stream, show virtually no increase until the end 
of April. By late April the Jocko River reached its highest 
stage and may have scoured accumulated fines from the river 
bed. The simultaneous increase in water levels across all 
the wells during this period probably reflects an increase 
in recharge along the entire losing reach. This water level 
rise may also signify an increase in recharge from other 
sources, notably irrigation seepage.
In an attempt to quantify the loss of river water to 
the ground water system, the C.S.K.T. recorded a series of 
discharge measurements along major streams in the Jocko 
Valley. The results are summarized in Table 3 and appear in 
their complete form in Appendix F.
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F igure 21. Hydrographs comparing the timing of river and ground 
water fluctuations.
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TABLE 3 - Jocko River synoptic gaging results
# Station '
01/28/87 02/09/87 
D ischarge
06/11/87
(Cfs)
09/15/87
1 . Below K-Canal i 59 38 432 . Above Big Knife Ck 1 39 45 38 32
change ! -14 0 -1 1
3 Below Big Knife Ck I 44 46 40 344 1.25 mi above hatcheryi 625 .75 mi above hatchery ( 29 62 38
change i — 1 5 12 4
The gaging results show a net water loss of 
approximately 25% for the Jocko River between the K-canal 
diversion and Theresa Adams Bridge (Jocko below K-canal) 
except during the June measurement. Between Theresa Adams
Bridge and a gaging site 1/4 mile upstream from the State 
fish hatchery, the net flux between river and ground water 
varied widely, ranging from a 34% water loss in April to a
55% gain in river flow in June. The lack of apparent water
loss during periods of high water is due to the shifting 
position of the losing reach. When the water table is at
its maximum height, a significant portion of this reach is 
gaining water from the ground water system. Measurements 
taken during periods of high measurements, do not accurately 
assess the water loss across this reach.
It is difficult to assess the total water loss given 
the large variability in the synoptic results. Water loss 
appears to range from 10% to 20% per mile over this reach,
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producing 850,000 to 11,000,000 ft^/day of recharge to the
ground water system (approximately 10-125 cfs). This is
roughly 2 to 30 times the recharge estimated from the 
lateral inflow of either Agency Fan or bedrock aquifers. 
Irrigation Ditches
Beginning in mid-April and continuing through early 
December large amounts of water are diverted from the Jocko 
River to irrigation ditches. The irrigation system serving 
the Jocko Fan consists of approximately 30 miles of open, 
unlined, irrigation ditches, which redistribute up to 75% of 
the Jocko River discharge across the fan surface. The 
entire ditch system lies above the water table, potentially 
making the entire 30 mile network a losing reach. Most of
the water for the ditch system comes from the K-canal 
diversion located just upstream from the main Valley (Plate 
1). Water is diverted from the Jocko River into a concrete- 
lined ditch. As the ditch enters the main valley, some of
its flow is siphoned across to the south side of the river; 
the rest enters the unlined ditch system to the north.
Diverting water from the Jocko River to the irrigation 
ditches could potentially impact the rate and distribution 
of ground water recharge. Changes in the amount of 
discharge can not be accurately assessed without some 
quantitative analysis of seepage loss within the irrigation 
ditches. I was unable to quantify ditch loss through 
synoptic gaging because of the large number of diversions
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that occur over relatively short reaches. However, well 
hydrographs demonstrate that canal leakage is recharging the 
aquifer. The opening and closing of K-canal was closely 
followed by dramatic fluctuations in water levels at Well 
MW-J3 (Figure 22). This well is completed in the fractured 
bedrock of the Helena Formation and is adjacent to K-canal. 
Water level fluctuations solely attributable to irrigation 
ditch recharge are not so distinct in the coarser Quaternary 
aquifer.
Water level changes from river recharge are difficult 
to separate from those caused by the ditches. At the 
beginning of June there is an abrupt rise in water levels 
that occur almost simultaneously across the entire fan 
(Figure 23). This closely follows the flooding of 
irrigation ditches but also corresponds to the peak spring 
discharge in the Jocko River. The concurrent rise in water 
levels across the entire fan is more easily explained by the 
wide spread distribution of water through irrigation ditches 
than by river recharge; however it may also reflect the peak 
influx of water to the aquifer from all sources of recharge-
In an attempt to quantify seepage from irrigation 
ditches I used literature ditch leakage estimates and a mass 
balance of the Jocko River discharge. The Soil Conservation 
Service estimates that seepage from irrigation ditches in 
the Missoula area results in the loss of 10 to 20% of the 
ditch flow per mile. If irrigation losses fall within a
61
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similar range on Jocko Fan, they would be roughly comparable 
to seepage losses along the Jocko River.
Irrigation seepage would help account for the large 
amount of ground water influx into the Jocko River in the 
upper half of the Valley. The results of C.S.K.T. synoptic 
gaging in September and January show that the Jocko River 
gains roughly 45 cfs from ground water across the length of 
the fan. Since the discharge was measured where the Jocko 
River enters the valley, river seepage below that point 
cannot account for this excess discharge. Lateral ground 
water influx to the Jocko Fan aquifer and irrigation seepage 
are therefore, the most likely source of this water. The 
total calculated lateral ground water influx was estimated 
at only 12 cfs. Irrigation seepage may provide the 
remaining 33 cfs of ground water. This calculation is based 
on a very gross description of the aquifer properties and 
does not account for changes in ground water storage. The 
results however, are consistent with estimates from 
literature values and roughly equivalent to the estimated 
seepage loss in the Jocko River.
Water Chemistry
I used water chemistry data as an additional tool to 
define aquifer systems and identify interactions between 
systems. I collected water samples from 12 sites and had 
them analyzed for major cations and anions. Table 4 shows 
stiff diagrams summarizing the water chemistry results. The
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data appear In complete form in Appendix G.
The most wide-spread water type is high TDS, calcium- 
magnesium bicarbonate water. This water type is associated 
with bedrock wells completed in the Helena Formation, Jocko 
River water, and the Jocko Fan aquifer. BR-1 sampled from a 
well in Helena Formation bedrock, has 340 mg/1 total 
dissolved solids, the highest TDS of any sample. The high 
TDS and calcium-magnesium bicarbonate composition reflect 
the high solubility of the Helena Formation dolomite.
Jocko River water is also calcium-magnesium bicarbonate 
enriched water, however, it is low in other dissolved 
constituents. The chemical composition of this water may be 
controlled by Helena Formation dolomite, which outcrops 
along the stream bed in Jocko Canyon.
The ground water from wells in the Jocko Fan is similar 
to the Jocko River and Helena Formation samples. The 
chemical composition lies between that of the Jocko River 
and the Helena Formation. The Jocko Fan water may be 
derived
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Table 4. Stiff d i agrams of water chemistry
primarily from Jocko River recharge or it  -r represent
mixing of Jocko River water and recharge from the Helena 
Formation bedrock system. The sample collected at MW-J12 at 
the north end of the valley shows a higher proportion of 
sodium, potassium, chloride and sulfate. This increase may 
result from progressive dissolution of these constituents 
along the flow path or it may indicate the introduction of a 
different source of recharge.
The water sampled from the bedrock well MW-J10 
represents a second type of water and potentially another 
source of recharge to the Jocko Fan aquifer. This well is 
completed in the fractured bedrock of the Snowslip
Formation, 150 ft below the western margin of Jocko Fan. I 
initially expected the fractured bedrock below the fan to 
receive recharge from the Jocko Fan aquifer. Contrary to my 
expectations, the water is low in TDS and high in sodium and 
potassium. These characteristics suggest the ground water 
is endemic to the bedrock aquifer, not derived from the 
overlying Jocko Fan system. The low TDS reflects the low 
solubility of the Snowslip argillites and the elevated
sodium and potassium may be derived from the weathering of 
feldspars in the argillite. The down-fan increase in 
potassium and sodium in the Jocko Fan aquifer may reflect 
recharge from this bedrock source.
A third type of ground water exists in Agency Fan. 
Water there is also dominantly calcium-magnesium
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bicarbonate; however, it is lower in TDS and has higher 
proportions of sodium, potassium, chloride and sulfate than 
Jocko Fan samples. Both of the shallow wells (MW-A4, MW-A5) 
have relatively high TDS and appear to be intermediate in 
composition between samples from the deeper wells and the 
Jocko River water. Mixing effects between the irrigation 
canal leakage and the ground water system may explain this 
effect. S-canal is up-gradient from these aquifers and its 
irrigation water is derived principally from the Jocko 
River.
Long Term Trends
In recent years there has been increasing evidence of a 
conspicuous drop in ground water levels, particularly during 
the period of this study. At least 17 wells went dry over
the winter of 1986-8?. Several of these had been deepened
within the last few years and were redrilled again. At the 
close of ray field work in January 1988, still more wells had 
gone dry. In addition, the springs at the State Fish 
Hatchery dropped to a level too low to support the fish for 
the first time since the state took over the hatchery in
1949. An important question to resolve is whether the drop 
in the valley's water table is due to changes in recharge, 
increased consumption or a combination of both. Answering 
this question is difficult because no adequate records of 
population growth or ground water levels exist. Ground
water recharge may be affected by changes in irrigation
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techniques, surface flow management, and precipitation 
levels. A gradual reduction in recharge may have occurred 
due to a shift from flood irrigation to sprinkler 
irrigation. Flood irrigated fields lose 20-30% of the
applied water to the ground water system (Geldon, 1979). In
contrast, sprinkler irrigated fields lose only 5% of the 
applied water to ground water. Currently, more than two-
thirds of the land on Jocko Fan is sprinkler irrigated. The
progressive shift in the last 20 years to sprinklers may 
have reduced the annual recharge to ground water. It is 
unlikely that this change is the principal factor 
responsible for the dramatic reductions in water levels 
during the last few years, but it may have caused a gradual 
reduction in the ability of the system to buffer low water 
years.
A recent change in the management of instream flows has 
also occurred. For the last three years the CSKT have 
maintained minimum flow standards in the Jocko River at the 
expense of irrigation diversions. As a result, the delivery 
of irrigation water has stopped in early August instead of 
continuing through November or December. Residents in the 
area believe that ditch leakage provides a major source of 
ground water recharge. There has been concern that shutting 
down the ditches earlier decreases the late-sumraer recharge 
and lengthens the winter period of low recharge.
Although there is no data establishing ditch loss I
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have inferred that leakage is likely and may provide
substantial recharge to the ground water system. The
potential loss of this source of recharge, however, must be 
examined relative to the effect of increasing river flow. 
Since irrigation losses appear to be roughly comparable to 
seepage losses along the Jocko River, the ground water
system may be affected more by the redistribution of 
recharge water than by changes in the net amount of 
recharge. The areas that would be strongly influenced by a 
redistribution of recharge are those that do not receive as 
much recharge from the Jocko River, notably the stretch of 
fan south of the Jocko River. The water table in this area 
may drop as it loses irrigation seepage, and readjusts to
the relatively modest recharge it receives from Agency Fan. 
This would explain the high annual fluctuations in the water 
table in this vicinity. The loss of recharge to the 
southern end of Jocko Fan may also affect spring flow near 
the State Fish Hatchery. These springs receive water from 
the southern portion of the fan. Spring flow is reduced as 
the water table drops, ultimately stopping once the water 
table falls below river level.
While maintaining instream flows in the Jocko River may 
affect ground water levels in some areas, it does not 
explain the widespread decrease in ground water levels. 
Lower water levels have also developed adjacent to the Jocko 
River, in areas that should respond favorably to increased
TO
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river discharge.
Below normal precipitation may be responsible for 
reducing the total influx of water to the Jocko Valley. 
Irrigation records from St. Ignatius record the annual 
precipitation trends since the turn of the century and are 
summarized in Figure 24. Six of the last eight years have 
had lower than average precipitation. Nevertheless, total 
annual precipitation does not correlate closely with annual 
water table fluctuations from 1983-1988 (Figure 25). Since 
most the recharge occurs in response to high spring runoff, 
it may be more reasonable to examine snowpack data rather 
than the total annual precipitation. The Soil Conservation 
Service collected monthly snowpack data for a station on the 
North Fork of the Jocko River for the last 14 years. The 
data appear in Appendix H and are summarized in Figure 26. 
Six of the last 8 years have had below average snowpack, 
with the last 2 years experiencing particularly low 
accumulations. The trend in snowpack data correlates 
extremely well with the ground water levels since 1983 
(Figure 27). These data strongly suggest that low winter 
snowpack accounts for the reduction in ground water levels, 
however, this correlation is based on very few years of 
data. Population increase and changes in recharge due to 
agricultural practices are poorly documented, and their 
effect on ground water is unknown. The gradual increase in 
consumption combined with decreased irrigation recharge may
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have diminished the system's reserve causing the effects of 
recent low precipitation to be particularly pronounced.
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CHAPTER 5 
CONCLUSIONS
Agency Fan and Jocko Fan form distinctly different 
hydrologie systems. The hydrology of Agency Fan is 
controlled by the complex interfingering of silt and gravel 
which has created an irregular sequence of relatively low 
permeability aquifers. In contrast, the Jocko Fan forms a 
relatively widespread aquifer of high permeability sand and 
gravel.
Agency Fan
The few well logs available for Agency Fan provide only 
a very generalized picture of a relatively complex 
hydrologie system. T h e r e  is a s h a l l o w  system of 
discontinuous aquifers from approximately 4-150 ft. It is 
composed of clast-supported gravel and cobbles with a matrix 
of fine sand and silts. It is overlain by a relatively thin 
layer of silts and clays with cobbles and boulders scattered 
throughout. This overlying layer has a very low hydraulic 
conductivity and probably acts as a confining layer.
The static water level in this aquifer fluctuates 
widely, varying over 30 feet in some wells. The timing of 
water level fluctuations coincides with that of irrigation 
flows, implying a direct connection between surface and 
ground water systems.
Aquifer tests conducted in this aquifer system yield 
low hydraulic conductivities averaging lOOgpra/ft^, except in
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wells along Finley Creek. Extended pumping at relatively 
modest rates can result in drawdown of 50-100ft. This 
effect may be remedied in part by a more efficiently 
designed well; however, it raises questions about the 
ability of the aquifer to support large development.
At greater depths, well logs report a predominance of 
low permeability silt, clay, and gravel. Higher 
permeability layers occur sporadically from 170 to 550 feet. 
With very few exceptions, these deeper wells exhibit large 
drawdown during pumping reflecting low hydraulic 
conductivities. The few wells that show greater potential 
for development appear to lie in aquifers of limited extent, 
neighboring wells rarely find water at the same depth. Well 
hydrographs from these deeper wells record a relatively 
small amount of annual fluctuation, and appear to respond
less to seasonal fluctuations in irrigation flows.
In short, the Agency Fan appears to contain limited
ground water resources. The shallow aquifer system is 
characterized by low permeability and may be vulnerable to 
overdraft. The wide annual range in water levels indicates 
a relatively local system, tied closely to surface flows.
Any changes in the management of instream flows or 
irrigation flows may affect this system.
Deeper systems in the area generally produce low 
yields. A few wells have produced higher yields however 
these aquifers appear to be limited in extent and are
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difficult.
Jocko Fan
The head of Jocko Fan is an important recharge area. 
As the Jocko River leaves the confines of Jocko Canyon it 
becomes influent and a large percentage of its flow is lost 
to the ground water system. This area therefore has 
features characteristic of recharge areas: the water table 
is separated from the fan surface by a thick unsaturated 
zone, and ground water fluctuations are large and respond 
rapidly to changes in river stage. The resulting well
hydrographs rise relatively early in the spring, peak
abruptly, and fall rapidly. Wells at the head of the fan 
are the first to experience the impact of low water levels.
Down-fan, there appears to be a decrease in river loss. 
As a result, the spring rise in ground water levels comes
later and annual fluctuations are more subdued. An 
exception to this trend occurs along the southern end of the 
fan between Jocko River and Agency Fan. This area does not 
receive the perennial ground water recharge from Jocko River 
seepage due to the northward trend of ground water flow.
Recharge may be derived principally from seasonal irrigation 
losses. The annual water level fluctuations are therefore 
greatest in this area.
Approximately three miles down-fan the Jocko River cuts 
below the water table, and the river gains water from the 
ground water system. In the vicinity of Arlee, the silty
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gravel in the upper part of the fan grades laterally into 
Lake Missoula sediments. As the water table rises, it 
encounters Lake Missoula silts and the aquifer changes from 
an unconfined to a confined system. The north half of the 
valley is a ground water discharge area. The Jocko River 
gains water along this reach. Ground water is shallow and 
is characterized by converging flow lines and very low 
annual fluctuations.
The recent decline in ground water levels appears to 
stem primarily from several consecutive years of low winter 
snowpack. High spring flow in the Jocko River appears to be 
an important source of recharge to the ground water system; 
however, it is not adequate to account for the large gain in 
Jocko River discharge across the lower fan. The most likely 
source of this additional recharge is from irrigation 
seepage and ground water influx through fractured bedrock 
aquifers in the Helena Formation dolomite.
Recommendations for Further Study 
One of the first priorities for further study should be 
the quantification of water loss from the network of 
irrigation ditches. I found this to be more difficult than 
I had originally anticipated. The large number of 
diversions in the irrigation ditches frustrated attempts to 
quantify irrigation loss directly through discharge 
measurements. Instruments such as infiltrometers, seepage 
meters and permeameters do not work well in the coarse,
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cobble-laden channels endemic bo the Jocko Valley. The most 
effective solution might be to arrange a time with the 
irrigation district in which the diversions from selected 
ditches could be shut off while gaging these reaches. The 
most likely time for this would be in April prior to the 
onset of irrigation season. I recommend measuring water 
losses along K-canal and R-canal. Together they form a 
representative sampling of the fan surface and are probably 
the ditches best suited for gaging. Both ditches have long 
reaches with relatively few diversions and contain weirs 
which could be utilized during synoptic gaging.
Once ditch losses are quantified, a critical question 
which remains is: how does the redistribution of water from 
the Jocko River to the irrigation ditches affect the ground 
water system? This issue may best be resolved through the 
use of a numerical ground water model.
Prior to modeling some aspects of the hydrogeology need 
to be more clearly defined. The geometry of the aquifer is 
only loosely constrained. The depth to the base of the 
aquifer is particularly imprecise having been extrapolated 
from bedrock depths over long distances. Geophysical work 
would help strengthen the geometric framework of the model.
A well completely penetrating the aquifer would constrain 
the thickness of the aquifer and is necessary to provide a 
calibration point for geophysical work.
Collection of a relatively small amount of additional
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data on ground water levels would provide a more complete 
picture of ground water flow. At least one continuous 
recorder should be installed to measure the short period 
fluctuations in ground water levels that occur in the 
spring. Since water levels fluctuate from their minimum to 
maximum levels over a brief two month period in the spring, 
an extended monitoring well network could rapidly establish 
annual watertable variations in areas that are not currently 
well defined.
Finally, there is a need for some additional synoptic 
gaging along the Jocko River. Gaging should be concentrated 
on the losing reach at the head of Jocko Fan and designed to 
delineate the area over which loss occurs, to quantify the 
total amount of water lost over this reach, and to define 
the spatial and temporal variations in recharge along this 
reach.
In light of the increasing development on Agency Fan, a 
study of the water quality in the. shallow aquifer is 
recommended. This aquifer is separated from potential 
surface contaminants by a very thin unsaturated zone. 
Ground water levels rise within a few feet of the surface 
during early summer impinging on the effectiveness of septic 
systems. Older homes with very shallow wells may be 
particularly susceptible to contamination.
Another issue that should be addressed is the capacity 
of Agency Fan aquifers to support increased development.
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This is a difficult question to answer. The hydrogeology of
Agency Fan is too complex to develop a meaningful ground
water model based on the relatively sparse data currently 
available from existing wells. Geophysical techniques would 
have difficulty differentiating the complex variations in 
silt, sand, and gravel that appear to characterize this 
sedimentary sequence. More detailed logging of new wells in 
the area may be the most effective means of reaching a 
better understanding of the hydrogeology.
The yield of the aquifer cannot be estimated without
more accurate knowledge of the hydrologie properties of the 
aquifer. The inefficiency of most wells in this area
combined with the low aquifer transmissivities make it very 
difficult to conduct meaningful aquifer tests. In two 
wells test, I found the aquifer response obscured by the 
effects of casing storage, partial penetration, and poor 
construction. In addition, the tests were ended prematurely 
because of excessive drawdown. Any further study would 
benefit greatly from the results of more thorough aquifer 
testing. Ideally this would consist of 24 hour aquifer 
tests, conducted from a screened well with one or more 
observation wells.
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85
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIX A - Well log data
Explanation of headings
i - well inventory number
OWNER - Property owner when well was drilled.
TNN RNS SEC - Township, Range, Section 
DATE - Date well was drilled
ELEV - Site elevation, estimated from U.S.G.S. 7.5 minute topographic map.
DEPTH - total depth of well (feet)
SWL - Static water level (feet)
PHL - Water level recorded after pumping (feet)
TIME - Duration of pumping test (min.)
DISCHARGE - Discharge during test (gpm)
All wells are located by well inventory number in Plate 1.
t OWNER TWN RN6 SEC DATE ELEV DEPTH SWL PWL TIME DISCHARGE
(ft) (ft) (ft) (ft) (min) (gpm)
I BARGER 15 19 5 02/23/84 3840 300 191 250 120 5
2 CHAMBERS 6. 16 19 6 06/23/67 3160 105 92 100 60 12
3 CHRISTOPHER 16 19 6 11/15/72 3180 119 87 118 60 15
4 ELLIS B. 16 19 6 06/25/79 3163 119 84 115 60 40
5 SHEPARD L. 16 19 7 08/23/71 3248 138 118 135 60 13
6 CLINKERBEARD 16 19 7 05/21/69 3240 182 125 160 240 35
7 CUTFINGER L. 16 19 7 03/14/79 3190 135 111 111 120 15
8 BURNETT C. 16 19 7 04/28/77 3241 160 130 140 30 20
9 RAYMOND C. 16 19 7 02/20/76 3200 148
10 WALLACE 16 19 7 04/26/86 3200 125 104 106 120 20
11 FISHER 16 19 8 12/13/71 3289 190 130 136 60 20
12 WIELER 16 19 6 08/24/76 3288 151 120 120 15
13 SCHURMAN A. 16 19 8 06/27/77 3275 156 125
14 KIDDER D. 16 19 a 04/22/83 3292 199 165 199 60 25
15 HAU6E R. 16 19 8 05/21/79 3200 70 7
16 Mc k n i g h t 16 19 8 05/12/71 3310 200 119 135 60 13
17 TANNER C. 16 19 3 05/20/86 3320 130
18 TANNER 16 19 8 05/20/86 3320 101 104 17
19 MATT J. 16 19 8 05/28/68 3270 160 118 132 20
20 CRAWFORD 16 19 9 08/13/77 3363 157 107.2 107.7 20 9
22 FINLEY J. 16 19 9 12/04/69 3360 98 41 43 498 8.3
23 HAY 16 19 9 06/10/83 3360 225 90 102 120 15
24 THOMPSON V. 16 19 9 10/10/79 3410 125 66.7 77.8 48 17.1
25 HOYT T. 16 19 9 05/01/72 3300 75 17.5 19.3 20 8.5
26 WEDYT J. 16 19 9 01/26/83 3355 109 77 88 90 30
27 SINCLAIR 16 19 9 09/06/69 3320 157 114 114.1 20 6.65
28 SUMNER 16 19 9 09/21/78 3364 140 113 125 60 15
29 SUMNER 16 19 9 09/16/65 3364 120 100 115 60 15
30 McLEOD 6. 16 19 9 05/19/85 3360 200
31 FIRESTONE 16 19 10 10/19/71 3420 117 91.95 92.19 7.7
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32 PHILIPS T. 16 19 10 04/01/83 3375 70 40 52 120 30
33 LIND T. 16 19 11 08/15/78 90 58.54 61.34 36 6.5
34 ARC IS 16 19 15 03/05/73 3565 270 57 124 90 20
35 T0R6ENS0N 16 19 15 05/12/75 3485 290 98 100 120 15
36 SPRAGUE 16 19 16 08/27/73 3430 230 62.6 182.3 80 3.37
37 BURROUGHS 16 19 16 12/04/70 3430 71 18 60 120 10
38 6U6ISGER6 16 19 16 08/09/83 3460 122 28.4 65.7 30 5.3
39 BISSON K. 16 19 16 01/02/73 3370 173 127 132 20 80
40 TWO TEETH 16 19 16 05/21/69 3378 142 122 140 25 25
41 TWOTEETH 16 19 16 07/02/85 3370 163 116 121 15 12
42 TWOTEETH
43 COUCHENE D.
16
16
19
19
16
16
06/25/85
06/18/76
3378
3435
160
97
116
14
121 12
44 MORAN T. 16 19 16 03/07/79 3427 174 124.5 124.6 120 15
45 JACKSON 16 19 16 12/30/70 3380 100 112.68 113.18 12 5.2
46 ROBERSON 16 19 16 06/25/79 3473 100 55 65 90 6
47 RICKENIA M. 16 19 16 08/08/79 3128 65 30 31.5 240 12
48 FYANT
49 MASON C.
50 PETE D.
16
16
16
19
19
19
17
17
17
10/02/81
12/11/74
00/16/77
3338
3318
3318
129
393
102
82.5
0
15
85 180 30
50
51 HOWARD C. 16 19 17 03/04/66 3350 90 32 85 120 8
52 RASMUSSEN 16 19 17 01/22/86 3329 183 152 165 60 15
53 STIERS 16 19 17 08/22/86 3320 59 3.5 53 180 15
54 BENEDICT 16 19 18 07/18/75 3190 109 44 90 240 15
55 BRETIN 16 19 18 01/04/87 3195 131 81 125 360 8
56 CATES J. 16 19 18 08/07/70 3255 145 88 108 120 24
57 HENDRICKSON 16 19 13 04/04/85 3205 90 7.5 10 15 20
58 WOLCOTT K. 16 19 18 02/15/83 3205 80 50 62 120 20
59 LANE R, 16 19 18 07/19/68 3208 83 56.1 60.5 30 6
60 MAAS
61 0 ‘NIELL
16
16
19
19
18
18
01/05/72
08/09/87
3235
3250
123
100
98
85
98.1 120 8
12
62 O^NIELL 16 19 18 11/17/78 3250 230 96 200 60 10
63 KELLY 6. 16 19 18 08/07/72 3255 79 24 79 60 18
64 DODGE K. 16 19 18 08/08/64 3215 117 70 80 480 10
65 VANDER8UR6 16 19 18 12/09/70 3230 71 13 40 120 8
66 JOHNSTON 6. 16 19 18 05/08/73 3195 35 10 30 60 50
67 BECK M. 16 19 18 03/21/81 3235 98 70 73 120 20
68 GREER P. 16 19 18 12/03/79 3192 80 58 75 90 10
69 BAYLOR F.
70 MALONE
16
16
19
19
19
19
04/08/85
02/10/64
3315
3420
150 12
78
20
82
10 10
8.5
71 ROGERS J. 16 19 19 04/15/81 3370 119 29 119 60 35
72 JONES S. 16 19 19 04/19/73 3290 1342 21 330 90 15
73 MATT A. 16 19 20 11/02/71 3425 383 80 140 1440 10
74 CHARLO 16 19 20 11/17/73 3430 482 95 190 90 50
75 JONES I. 16 19 20 01/03/77 3430 305 109 117 60 20
76 BRAZIL V.
77 CHARLO V.
78 CHARLO V.
16
16
16
19
19
19
20
21
21
01/16/71
04/27/78
05/09/78
3430
3585
3585
270 55 
505 DRY 
205
220 120 10
79 HAYNES T. 16 19 21 09/06/79 3545 225 40 17 210 a
80 MEIDINGER 16 19 29 01/15/71 3800 200 45 120 134 7
81 REIFEL S. 16 19 30 03/10/80 3440 57 13 40 60 20
82 BROOKE C. 16 19 30 11/10/75 3360 40 17.7 18.7 30 5.5
83 WADDELL 16 19 30 11/02/76 3400
8 7
78 50 60 90 10
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84 SULLI T. 16 19 31 10/30/74 3720 118 73 108 120 5
85 SIMMS A. 16 19 31 01/15/73 3470 34 7.64 11.69 24 10
86 HAIATARO 16 19 31 12/20/70 3500 50 22 24 60 19
87 DAUENHAUER 16 19 31 05/24/82 3520 54 10 54 60 35
88 HAUGESTUEN 16 19 31 03/08/85 3610 180 65 120 150 6
89 DONEY M. 16 19 32 09/13/77 3750 240 154 186 180 10
90 DONEY M. 16 19 32 12/31/77 3800 225
91 REEVIS 16 19 32 08/21/81 3750 300
92 FRETHEIH 16 20 1 10/22/84 3105 90 49 60 60 10
93 ESPINOZA 16 20 1 03/21/73 3115 100 80 90 60 25
94 LANGSTON 16 20 1 12/17/76 3110 104 75 97 360 6
95 O'BRIEN 16 20 1 01/07/77 3112 104 63 82 20 5.8
96 HENRY L. 16 20 1 02/29/84 3110 102 77 93 120 15
97 SANDERS 16 20 2 02/05/71 3070 90 12 70 240 5
98 BORLAND 16 20 2 05/25/77 2995 207 33 45 60 7.2
99 FISHER J. 16 20 2 06/22/79 2990 150 8 100 60 17
100 KING 16 20 2 03/05/73 2990 19 3 14 30 5
101 HOLTHÜSEN 16 20 2 03/17/78 3005 80 10 10.1 60 6
102 MORIGEAU C. 16 20 2 08/14/79 3002 455 37 70 180 10
103 EVANS L. 16 20 9 07/10/80 3610 10 22 7.5
104 LUNDT J. 16 20 10 09/27/79 3700 54 58 5.1
105 ARLEE J. 16 20 11 02/03/71 3080 66 34.73 35.4 20 11
106 ARLEE JHS 16 20 11 03/12/86 3095 160 74 79 360 151
107 BLACKFOQT TEL 16 20 11 10/30/84 3080 61 39 60 60 35
103 BURNETT 16 20 11 02/14/73 3100 99 50 95 60 90
109 CLINKERBEARD 0. 16 20 11 05/01/75 3110 220 40 105 360 12
110 EWER 16 20 11 06/25/79 3082 60 26 35 60 50
111 JV LUTHERAN 16 20 11 01/28/87 3084 90 60 72 90 25
112 McCLURE 16 20 11 05/26/77 3090 80
113 LEFLER P. 16 20 11 08/24/75 3100 73 34 240 20
114 KEENAN 16 20 11 05/27/77 3085 80
115 LAFLEY 16 20 11 10/03/69 3095 68 41 44 24 4,1
116 PERKINS J. 16 20 11 05/28/62 3090 75 21.7 27.9 20 20
117 60UR8UIN 16 20 11 09/13/61 3100 75 60
118 McCLURE V. 16 20 11 01/29/71 3095 91 47 65 390 20
119 MORGEAU D. 16 20 11 09/03/75 3085 155
120 NAULT C. 16 20 11 12/19/72 3060 144 14 44 90 50
121 SORENSON 16 20 11 03/10/76 3090 135 48 60 120 15
122 BETTS D. 16 20 12 10/16/67 3140 70 48 50 120 12
123 BUN6AR0ENER 16 20 12 03/27/80 3130 120 50 63 60 12
124 FYANT R. 16 20 12 02/08/73 3100 118 92 101 90 15
125 Mc Fa r l a n d 16 20 12 3090 50 20 38 25
126 OXFORD 16 20 12 02/22/63 3100 87 67 80 120 12
127 HILL 6. 16 20 13 12/26/75 3160 38.5 26 35 180 18
128 ARMSTRONG 16 20 13 01/20/79 3190 40 15 25 30 30
129 CHEATHAM J. 16 20 13 06/27/83 3145 40 15 27 60 30
130 LUNUALL 16 20 13 12/08/80 3180 113
131 GORDON 16 20 13 11/08/72 3160 40 19.4 21.3 20 8.3
132 SHELBY B. 16 20 13 09/10/72 3200 32 10 28 60 10
133 GALLAGHER 16 20 15 09/21/77 3590 100 13 100 60 10
134 LaBARRER 16 20 15 05/17/85 3715 330 117 320 180 5
135 VANDERBUR6 16 20 23 11/06/81 3320 320 12 115 340 5
8 8
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136 PEAK D. 16 20 23 NONE 3290 444 7 180
137 DUCHARHE 16 20 24 10/06/77 3237 42
138 PALMER 16 20 24 11/06/80 3200 40 6 14 60 20139 CARY 17 19 31 01/01/49 3070 100 95
140 MORAN 3. 17 20 8 06/28/66 2780 204 8 150 60 7
141 DAHERTY 17 20 16 07/27/74 2820 46 6 8 120 40
142 WITWORTH 17 20 18 03/18/80 2975 172 34 79.6 20 7
143 ELIASON L. 17 20 18 03/20/66 2980 70 9.5 65 60 7
144 MORIN 17 20 19 09/19/75 2955 41 12 25 120 30
145 FYANT A. 17 20 19 03/22/76 2925 110
146 SCHALL R. 17 20 20 08/26/83 2780 56 3.6 8.6 20 9.2
147 CRAWFORD 17 20 21 02/12/74 2810 40 7 7,5 60 15
148 FEDERMEYER 17 20 21 08/13/77 2845 49 6 13 120 75
149 SCHALL RODNEY 17 20 21 03/22/78 2035 38 5 , 5.5 120 35
150 HENDERSON 17 20 22 07/11/75 2870 30 8 16 60 8
151 BACON R. 17 20 24 12/03/71 3060 390 130 250 60 5
152 WINTERS L. 17 20 25 06/04/84 3060 200 140 151 120 10
153 BRUNSWOLD 17 20 25 10/17/80 3060 75 33 45 120 20
154 GIBSON R. 17 20 25 NONE 2970 50 18.87 19.73 20 4.6
155 CUMLEY 17 20 25 06/11/79 3000 63 28.5 46 300 15
156 STENSRUD 17 20 25 07/09/80 3090 100 25 38 60 20
157 SWARTZ D. 17 20 25 05/16/84 3000 83.5 60.5 83 60 15
158 TREZONA 17 20 26 03/16/75 2960 42 23 23.1 120 30
159 PETERSON E. 17 20 26 02/03/65 2895 47 23 26 60 15
160 LANGSTON 17 20 26 03/17/75 2960 41 24.5 24.6 120 30
161 BOUCHARD 17 20 26 09/28/76 2943 61 3.75 5.55 30 8.5
162 SCHLEMMER 17 20 26 04/24/78 2400 58.5 11 55 60 75
163 SAYLES 17 20 27 05/30/73 2875 40 6 14 120 20
164 HELDINS 17 20 28 07/21/65 2955 150 65 145 120 10
165 SCHALL BILL 17 20 28 03/21/78 2870 40 2.5 3 240 40
166 BRADSHAW 17 20 35 11/04/85 2925 60 3 60 60 100
167 STEWART 17 20 35 04/03/72 2950 41 9 9.5 60 10
168 EDDY 17 20 35 06/15/79 2960 48 18 30 60 80
169 EDWARDS 0. 17 20 35 08/10/77 2955 48 15.11 15.56 20 10.4
170 STINER J. 17 20 35 03/10/72 2961 52 30 30.1 60 12
171 PESCHEL 17 20 35 02/15/77 2975 53 20 20.1 60 35
172 W.M.D.C. 17 20 35 11/04/77 2940 50 18 21 240 60
173 FREY 17 20 36 11/01/73 2980 50 15 16 60 15
174 HITCHCOCK 17 20 35 04/20/77 2995 67
175 BROWN B. 17 20 36 09/22/77 3035 127
176 SCENES M. 17 20 36 07/30/77 2960 51 11.86 13.16 20 12.6
177 OCCHIUTO 17 20 36 10/01/76 2975 50.3 10 30 60 90
Explanation of headings
# - well inventory number
OWNER - Property owner when well was drilled.
TWN RN6 SEC - Township, Range, Section 
DATE - Date well was drilled
ELEV - Site elevation, estimated from U.S.6.S. 7.5 minute topographic map. 
DEPTH - total depth of well (feet)
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A P P E N D I X  B. A q u i f e r  p r o p e r t i e s  c a l c u l a t e d  f r o m  well log d a t a
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APPENDIX a - Aquifer properties calculated from well log data 
Aquifer
a = Agency Fan 
j = Jocko Fan 
t = Tertiary deposit 
b = Bedrock aquifer
Aquifer Type
C = confined 
U = unconfined
perf = perforated interval (ft)
No designation = open ended casing
Cs = Specific Capacity (gpm/ft)
K = Hydraulic Conductivity (gpd/ft2)
T = Transmissivity (gpd/ft)
Well # Aquifer Type Thickness perf Cs K T
1 a C 50 240-300 3 142
2 U 190 1.50 560 106400
3 u 180 0.48 175 31500
4 u 190 1.29 503 95570
5 u 160 0.76 311 49760
6 u 160 1.00 576 92160
7 u 170 7278 1237260
8 u 160 2.00 761 121760
9 u 165
10 u 160 10.00 4398 703680
11 u 160 3.33 1373 219680
12 u 150
13 u 150
14 u 150 0.74 308 46200
15 u 150
16 u 150 0.81 301 45150
17 u 130
18 u 130 5.67 2389 310570
19 u 160 1.43 a 1234
20 u 85 18.00 7298 620330
22 u 64 4. 15 1930 123520
23 u 30 1.25 578 17340
24 b c 50 br85-125 1.54 102 5080
25 u 85 d75 4.72 1726 146710
26 u 85 2.73 1097 93245
27 u 110
28 u 85 1 .25 459 39015
29 u 20 42 5780
30 b c
31 u 50 32.08 697 34825
32 j u 50 2.50 1133 56650
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Well # Aquifer Type Thickness perf Cs K T
33 b U 80 br 2.32 25 1965
34 b C 80 b r 129-151 0.30 6 508
35 j C 10 130— 140 7.50 1591 15910
36 a 0.03
37 a C 2 0.24 256 512
38 a C 11 110-122 0.14 22 246
39 3 u 110 16.00 142 15623
40 j u 110 1.39 528 58080
41 j u 110 s c r 158-16 2.40 297 32670
42 j u 110 2.40 297 32670
43 a c 110 0.00
44 j u 90 s c r 169-174
45 j u 90 10.40 3872 348480
46 a u 50 0.60 10 501
47 3 c 145 scr60-65 8.00 116 16798
48 3 u 145 s c r 119-12 12.00 17192 2492840
49 a c 8 382-390
50 a c 24 0.00
51 a c 30 0. 15 9 269
52 j u 130 158-178 1 .15 42 4802
53 j u 150 0.30 140 21000
54 3 c 150 0.33 4 572
55 j c 150 108-110,1 0.18 60 317
56 j u 160 1.20 488 78080
57 a c 160 scr85-90 8.00 1315 210400
58 j u 160 55-60 1.67 199 31840
59 j c 160 1.36 683 109280
60 j u 160 108-111
61 3 u 160
62 3 c 160 0. 10 248 39680
63 j c 160 0.33 167 26720
64 3 u 160 1.00 450 72000
65 3 c 160 0.30 150 24000
66 a c 15 2.50 1464 21960
67 j u 160 6.67 3048 487680
68 3 c 160 0.59 319 51040
69 a u 5 scr25.5-3 1.25 1167 5835
70 a 2.13
71 a c 12 0.39 62 741
72 a c 36 0.05 2 79
73 a c 3 0.17 131 393
74 a c 2 0.53 579 1157
75 a c 15 2.50 1464 21960
76 a c 2 0.06 61 122
77 a c
78 a c
79 a c 5 scr 125-13 0.43 149 747
80 a c 22 191-200 0.09 8 167
81 a u 7 4 2 —49 0.74 85 596
82 a u 21 5.50 1905 40005
83 a u 28 1 .00 347 9716
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Well # Aquifer Type Thickness perf Cs K T
84 a U 48 0.14 2 107
85 a U 0.43 807 22073
86 a C 2 9.50 7673 15346
87 a C 12 0.80 131 1574
88 a c 95 110-178 0.11 2 179
89 a c 40 198-240 0.31 15 585
90 a c
91 a c
92 j c 170 0.91 491 83470
93 j u 170 2.50 1013 172210
94 j u 170 0.27 1 254
95 b c 7 br98-104 0.31 79 554
96 j u 170 0.94 376 63920
97 b c 80 br33-40,5 0.09 2 146
98 b c 80 b r 144-186 0.60 13 1034
99 b c 80 br70-150 0.18 4 298
100 b c 80 b r 12-19 0.45 9 733
101 b c 80 br
102 b c 80 no casing 0.30 7 541
103 c 160 0.63 8 1205
104 c 160 1.28 16 2552
105 c 160 63-65 1.22 5990 958400
106 u 160 90-130 30.20 883 141280
107 c 160 1.67 931 148960
108 c 160 75-85 9.00 202 32320
109 c 80 brl03-ll3 0.18 4 336
110 c 160 5.56 3329 532640
ill u 160 2.08 859 137440
112 c 160
113 c 160
114 160
115 u 160 63-68 1.37 147 23520
116 u 160 0.80 1202 192320
117 u 160
118 c 160 85-90 1.11 152 24320
119 c 160
120 b c 80 brl21-141 1.67 109 8755
121 c 160 59.5-61 1.25 542 86720
122 j u 160 6.00 2724 435840
123 c 160 0.92 499 79840
124 j u 160 1.67 677 108320
125 j 160 1.39 537 85920
126 j u 160 0.92 369 59040
127 c 160 2.00 1203 192480
128 j c 160 20-25 3.00 514 82240
129 c 160 2.50 1427 228320
130 j 160 scrl08-113 2402 384320
131 j c 160 4.37 318 50880
132 a c 5 0.56 227 1137
133 b c 80 br-open 0.11 2 180
134 b c 150 b r 170-330 0.02 0.2 36
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Well # Aquifer Type Thickness perf Cs K T
135 b C 100 br 0.05 1 80
136 b C 80 br
137 a
138 a u 10 14-18 2.50 585 5850
139 b C 80 br 0.15 3 224
140 j
141 b c 80 0.05 1 73
142 j c 170 20.00 13230 2249100
143 b c 80 br 0.13 2 198
144 b c 80 br21-41 2.31 157 12562
145 t
146 j c 170 1.84 12120 2060400
147 j c 170 30.00 19540 3321800
148 j c 170 10.71 6864 1166880
149 j c 170 70.00 49385 8395450
150 j c 170 1.00 543 92310
151 t c 20 0.04 19 68
152 b c 170 158-163,1 0.91 73 12424
153 j u 170 1.67 696 118320
154 j c 170 5.35 2974 505580
155 j c 170 0.86 509 86530
156 j c 170 1.54 855 145350
157 j c 170 0.67 2 1096
158 j c 170
159 j c 170 5.00 2960 503200
160 j c 170
161 j c 170 4.72 2674 454580
162 j c 170 1.70 953 162010
163 j c 170 2.50 1486 252620
164 b c 80 0.13 3 206
165 j c 170 80.00 58747 9986990
166 3 u 170 1.75 844 143480
167 j c 170 20.00 448 76160
168 j u 170 6.67 2898 492660
169 j u 170 23.11 10080 1713600
170 j u 170
171 j c 170
172 3 c 170 20.00 1371 233070
173 3 c 170 15.00 9416 1600720
174 3 170
175 3 c 170
176 3 c 170 9.69 5574 947580
177 j c 170 4.50 2649 450330
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APPENDIX C. Aquifer test results
9 5
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APPENDIX C - Aquifer Test Results 
M W-A3 - Aquifer test results 
Di scharge = 6gpm
T i me Transducer Water 1 eve 1 drawdown
in) ( sec ) < V O  1 t s ) (f e e t ) (fee t )
0 10 0.94 8.76 0.00
0 20 0.94 8.78 0 .02
0 30 0.93 8.81 0. 05
0 40 0.93 8.83 0.07
0 50 0.92 8.85 0.09
1 0 0 .92 8.87 0.11
1 10 0.91 8.89 0.13
1 20 0.91 8.91 0 . 16
1 30 0 . 90 8.94 0 . 18
1 40 0.90 8.96 0.20
1 50 0.89 8.98 0.23
2 0 0 .89 9.01 0.25
2 20 0.88 9 . 04 0.28
2 40 0.87 9.08 0 . 32
3 0 0 .86 9.11 0 . 36
3 20 0.85 9. 15 0.39
3 40 0.84 9.20 0.44
4 0 0 . 83 9.24 0.48
4 20 0 . 82 9.27 0.52
4 40 0 . 82 9.31 0.55
5 0 0 . 80 9 . 36 0.60
5 20 0 .80 9.39 0 .63
5 40 0.79 9.44 0.68
6 0 0.78 9 . 47 0.71
6 20 0.77 9.51 0.75
6 40 0.76 9 .55 0.79
7 0 0.75 9.58 0.82
7 20 0.74 9 .62 0.86
7 40 0.73 9.66 0.91
8 0 0.73 9.69 0.93
8 20 0.72 9.72 0.97
8 40 0.71 9 .76 1 .01
9 0 0.70 9.80 1 . 04
10 0 0 .68 9.90 1 . 14
1 1 0 . 65 10.01 1 .25
12 0 .63 10. 12 1 . 36
13 0.61 10.21 1 .46
14 0.58 10.31 1 .56
15 0.56 10.41 1 .66
16 0.54 10.51 1 . 76
17 0 . 52 10.60 1 .84
18 0 . 50 10.70 1 .94
19 0 .48 10.78 2.02
20 0 . 45 10.87 2 . 12
25 0 . 36 1 1 .28 2.52
9 6
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30 0.27 1 1 . 68 2.92
MU-J9 Aquifer test results 
D i s c h a r g e  = 12.7 gpm
e T ransducer Water level Drawdown
( sec ) (VO Its) (f e e t ) (feet)
0 1 75. 77 0.00
1 0.991 75.85 0.08
3 0.975 76.01 0.24
6 0.95 76. 25 0,48
9 0 .94 76. 35 0.58
1 1 0.936 76.39 0.62
15 0. 932 76.43 0.66
19 0.93 76.45 0.68
37 0.931 76.44 0.67
59 0 . 932 76.43 0.66
MUI-A5 Aquifer test results
Water level 
Di scharge =
m e a s u r e m e n t s  
10.7 gpm
recorded with electric tape
e Water level Drawdown
(min) ( sec ) (f e e t ) (f e e t )
0 0 20.95 0
0 22 24. 2 3.25
1 0 29. 16 8.21
2 20 38.45 17.5
2 54 41 . 76 20.81
5 30 55. 13 34. 18
6 10 57.9 36.95
7 0 61 .5 40 . 55
8 2 65.76 44.81
9 10 75 54 . 05
9 30 69. 64 48.69
10 25 67.46 46 . 51
12 39 67.46 46.51
12 2 65.04 44.09
12 39 63.73 42.78
13 16 62.28 41 .33
14 17 60.23 39.28
14 53 58 . 98 38 .03
17 1 54 .72 33.77
19 4 1 50.35 29 . 4
27 55 38.46 17.51
29 18 36.7 15.75
40 6 28. 15 7.2
46 24 25.25 4 . 3
57 40 22.33 1 .38
W e 11 off
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APPENDIX D. Monitoring well dat,
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APPENDIX D * Monitoring Well Results
Depth to ground water reported in feet and measured to 0.01 ft 
Site elevation estimated from li.S.G.S 7.5 minute topographic maps.
Barger Simms Jones Walawander Roberson
HW-Al MW-A2 MW-A3 MW-•A4 MW-A5
depth elev. depth elev. depth elev. deplh elev. depth elev.
DATE
09/20/86
11/04/86 107.68 3352.32 5.98 3509.02 32.80 3440.20
12/16/86 109.01 3350.99 8.40 3506.60 32.97 3440.03
01/14/87 200.62 3719.38 10.30 3459.70 109.87 3350.13 10.17 3504.83 35.75 3437.25
02/07/87 199.57 3721.43 10.80 3459.20 110.50 3349.50 12.10 3502.90 33.89 3439.11
03/07/87 201.20 3718.80 10.90 3459.10 111.22 3348.78 10.54 3504.46 34.52 3438.48
04/04/87 197.29 3722.71 11.42 3458.58 111.52 3348.48 4.89 3510.11 28.22 3444.78
04/18/87 112.13 3347.07 4.43 3510.57
04/26/87 194.50 3725.50 113.80 3346.20 3.64 3511.36 22.08 3450.92
05/02/87 194.44 3725.56 9.29 3460.71 111.39 3348.61 3.51 3511.49 23.07 3449.93
05/09/97 193.97 3726.03 8.38 3461.62 111.05 3348.95 2.84 3512.16 20.30 3452.70
05/16/87 6.26 3463.74 1.35 3513.65 13.05 3459.95
06/15/87 194.85 3725.15 7.47 3462.53 109.21 3350.79 1.05 3513.95 10.57 3462.43
07/11/87 6.54 3463.46 108.10 3351.90 2.57 3512.43
07/17/87 10.00 3463.00
08/04/87 193.48 3726.52 7.32 3462.68 107.62 3352.38 2.27 3512.73
08/29/87 196.18 3723.82 9.29 3460.71 107.51 3352.49 4.08 3510.92 26.13 3446.87
09/23/87 193.74 3726.26 9.06 3460.94 108.18 3351.82 8.04 3506.96 25.20 3447.80
10/26/87 9.22 3460.78 109.08 3350.92 11.02 3503.98 28.39 3444.61
11/06/87 192.80 3727.20 11.87 3503.13
11/30/87 193.36 3726.64 9.48 3460.52 112.05 3347.95 10.56 3504.44 34.83 3438.17
01/21/88 112.13 3347.87
03/07/89
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APPENDIX 0 -
Baylor Sullivan Stevens McLoad Meyers
MW-A6 nw-Ji HU-J2 MW-J3 MW-■J4
depth elev. depth elev. depth elev. depth elev. depth elev.
DATE (ft
09/20/86 84.08 3275.92
11/04/86 142.55 3179.45 84.87 3275.13
12/16/86 148.37 3173.63 88.34 3271.66
01/14/87 16.68 3298.32 111.14 3173.86 150.35 3171.65 88.54 3271.46 159.00 3131.00
02/07/87 16.81 3298.19 112,20 3172.80 151.03 3170.97 91.22 159.41 3130.59
03/07/87 15.81 3299.19 113.06 3171.94 153.25 3168,75 88.86 3271.14 161.05 3128.95
04/04/87 15.09 3299.91 111.27 3173.73 150.25 3171.75 89.69 3270.31 160.70 3129.30
04/18/87 108.70 3176.30 147.42 3174.58 89.42 3270.58
04/26/87 13.68 3301.32 108.77 3176.23 146.83 3175.17 86.44 3273.56 158.35 3131.65
05/02/87 11.56 3303.44 106.26 3178.74 145.24 3176.76 82.93 3277.07 154.91 3135.09
05/09/87 103.93 3181.07 142.88 3179.12 79.23 3280.77 152,10 3137.90
05/16/87 98.80 3186.20 137.08 3184.92 77.51 3282.49 147.43 3142.57
06/15/87 17.15 3297.85 87.43 3197.57 125.94 3196.06 79.89 3280.11 129.44 3160.56
07/11/87 14.48 3300.52 91.79 3193.21 128.72 3193.28 81.32 3278.68 131.34 3158.66
07/17/87 92.67 3192.33 129.78 3192.22 131.37 3158.63
08/04/87 16.87 3298.13 96.63 3188.37 133.03 3188.97 82.50 3277.50 134.43 3155.57
08/29/87 15.76 3299.24 138.37 3183.63 93.12 3276.88 139.73 3150,27
09/23/87 107.22 3177.78 144.60 3177.40 83.28 3276.72 145.50 3144.50
10/26/87 113.60 3171.40 152.20 3169.30 83.70 3276.30 153.70 3136.30
11/06/87 84.66 3275.34
11/30/87 113.50 3171.50 154.56 3167.44 84.54 3275.46 159.75 3130.25
01/21/83 154.85 3167.15 87.58 3272.42 168.36 3121,64
03/07/88 114.40 3170.60 170.52 3119,48
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APPENDIX D
Cates Wallace Sheridan McFarland Schleicker
HH-J5 MW-■J6 MW-J7 HW-J8 MW-J9
depth elev. depth elev. depth elev. depth elev. depth elev.
DATE
09/20/86 105.39 3086.61 108.50 3088.50 19.36 3070.64 73.59 3041.41
11/04/86 103.98 3088.02 110.70 3086.30 20.51 3069.49 77.16 3037.84
12/16/86 115.00 3137.00 107.67 3084.33 113.74 3083.26 21.96 3068.14 80.13 3034.87
01/14/87 123.40 3128.60 110.80 3081.20 116.43 3080.57 23.30 3066.70 82.54 3032.46
02/07/87 125.73 3126.27 113.66 3078.34 119.20 3077.80 24.49 3065.52 84.40 3030.60
03/07/87 126.22 3125.78 115.95 3076.05 121.40 3075.60 25.44 3064.56 85.83 3029.17
04/04/87 125.43 3126.57 116.17 3075.83 122.20 3074.80 25.79 3064.21 86.70 3028.30
04/18/87 86.78 3028.22
04/26/87 124.30 3127.70 115.61 3076.39 121.27 3075.73 25.48 3064.52 86.66 3028.34
05/02/87 121.53 3130.47 112.77 3079.23 118.10 3078.90 23.94 3066.06 85.44 3029.56
05/09/87 116.14 3135.86 112.81 3079.19 117.94 3079.06 24.06 3065.94 83.95 3031.05
05/16/87 110.89 3141.11 109.66 3082.34 115.51 3081.49 23.01 3066.99 82.35 3032.65
06/15/87 96.59 3155.41 98.40 3093.60 106.93 3090.07 18.15 3071.85 72.12 3042.88
07/11/87 99.36 3092.64 105.95 3091.05 18.04 3071.96 70.02 3044.98
07/17/87 99.64 3092.36 70.29 3044.71
08/04/87 100.57 3151.43 100.57 3091.43 107.14 3089.86 18.59 3071.41 71.15 3043.85
08/29/87 102.32 3089.69 108.94 3088.16 19.45 3070.55 73.31 3041.69
09/23/87 110.94 3141.06 104.44 3087.56 110.70 3086.30 20.37 3069.63 75.77 3039.23
10/26/87 118.77 3133.23 110.20 3081.80 114.90 3082.10 22.22 3067.78 79.22 3035.78
11/06/87 80.45 3034.55
11/30/87 124.13 3127.8? 115.06 3076.94 121.58 3075.42 24.53 3065.47 83.09 3031.91
01/21/88 86.75 3028.25
03/07/88 132.62 3119.38 122.00 3070.00 29.10 3060.90 89.24 3025.76
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Fisher Bouchard Midway
HH-JIO MW-Jll MW-J12
depth elev. depth elev. depth elev.
DATE i f I f (ft. ) t t i f f f i f i f f t f i f
09/20/06
11/04/86 16.75 2973.25 22.20 2777.80
Ic/16/86 21.08 2778.92
01/14/87 10.08 2979.92 8.98 2916.02 21.10 2778.90
02/07/87 8.58 2981.42 8.94 2916.06 21.13 2778.87
03/07/87 8.67 2981.33 8.89 2916.11 21.07 2778.93
04/04/87 7.43 2982.57 9.79 2915.21 21.00 2779.00
04/18/87 7.17 2982.83 20.93 2779.07
04/26/87 8.18 2981.82 8.98 2916.02 20.95 2779.05
05/02/87 6.76 2983.24 7.98 2917.02 20.71 2779.29
05/09/87 12.05 2977.95 7.58 2917.42 20.35 2779.15
05/16/87 20.96 2779.04
06/15/87 10.63 2979.37 6.67 2919.33 20.97 2779.03
07/11/87 9.92 2980.08 5.75 2919.25 20.99 2779.01
07/17/87
08/04/87 12.36 2977.64 6.90 2918.10 21.11 2778.89
08/29/87 10.26 2979.74 6.89 2918.11 21.11 2778.89
09/23/87 9.43 2980.57 7.43 2917.57 21.23 2778.77
10/26/87 9.20 2980.80
11/06/87 8.60 2916.40 21.23 2778.77
11/30/87 3.40 2981.60 21.23 2778.77
01/21/88
03/07/88
U.S.G.S water level i
DATE DEPTH TO
10/18/83 129.87
01/05/84 143.42
04/17/84 150.00
07/17/04 110.97
09/25/84 123.04
01/07/85 138.67
04/08/85 145,96
07/08/85 117.02
10/21/85 132.77
01/02/86 153.94
03/31/86 144.68
06/30/86 125.89
10/22/86 140.56
01/05/87 151.24
03/30/87 151.90
07/06/87 128.03
09/23/87 147.46 102
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APPENDIX E. Surface water data
CSKT Provisional Data 
Subject to revision
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APPENDIX E - Surface Water Stage/Discharge Records: 3/16/87 - 9/28/87
Discharge data are reported in cubic fe e t  per second.
Stage data are recorded as the height of water (in feet) 
above an arbitrary datum. All but the first two stations 
have been corrected to represent the actual water, depth,
The gaging sites are shown in Plate 1.
Jocko R. Jocko R. Jocko R. Finley Ck K-Canal
below below below 9 acuth near
K-Canal Big Knife Finley Ck Headgates
Stage Discharge Stage Discharge Stage Discharge Stage Discharge Stage Dischargi
03/16/87 7,76 68 82.56 58 0.91 84 0.78 14
03/25/87 7.75 67 82.49 52 0.92 86 0.80 15 0.00 0
03/31/87 7.74 65 82.50 54 0.85 91 0.82 16 0.00 0
04/08/87 3.16 130 83.06 119 1.19 150 1.05 34 0.00 0
04/09/87 8.10 120 83.49 213 1.16 144 1.00 30 0.00 0
04/10/87 8.08 116 82.93 102 1.12 136 0.98 23 0.00 0
04/13/87 8.05 111 82.99 112 1.09 130 0.95 26 0.00 0
04/15/87 8.04 110 83.44 202 1.10 132 0.93 22 0.00 0
04/16/87 8.12 123 82.94 104 1.13 138 0.96 25 0.00 0
04/17/87 8.25 146 83.09 127 1.15 142 0.95 24 0.00 0
04/18/87 8.31 158 83.22 152 1.28 160 0.98 26 0.00 0
04/20/37 8.20 137 83.16 141 1.03 118 0.98 26 0.00 0
04/21/8? 7.81 75 82.78 85 1.00 112 0.97 23 1.81 52
04/22/87 7.82 76 82.66 72 0.98 109 0.94 25 2,05 65
04/23/87 7.37 83 82.66 72 1.01 114 0.98 26 2.41 84
04/24/87 7.95 90 62.57 63 1.05 122 1.07 36 3.08 102
04/25/87 8.02 106 82.80 87 1.21 155 1.20 52 3.42 104
04/27/87 0.25 146 83.16 141 1.32 179 1.20 54 3.70 106
04/28/87 8.48 192 03.44 204 1.46 211 1.24 62 4.01 112
04/29/87 8.74 249 83.58 244 1.70 272 1.30 70 4.90 134
04/30/87 8.96 300 83.87 355 1.94 339 1.43 84 5.10 138
05/01/87 9.20 360 84.19 537 2.30 400 1.79 136 5.68 138
05/02/87 8.96 300 03.79 326 1.86 316 1.44 80 4.93 135
05/04/87 8.34 163 83.25 157 1.50 221 1.24 54 3.91 123
05/05/87 7.95 95 82.76 82 1.50 221 1.23 53 4.18 162
05/07/87 7.06 82 82.72 78 1.24 161 1.23 53 4.99 195
05/08/87 7.94 94 82.80 87 1.36 188 1.22 52 5.10 200
05/09/87 7.88 85 82.79 85 1.20 152 1.24 54 5.32 217
05/11/87 7.82 76 82.63 70 1.13 138 1.20 50 5.24 220
05/14/87 7.76 68 82.54 61 1.02 116 1.00 30 4.61 229
05/15/87 7.64 53 82.39 49 0.92 98 0.99 29 4.46 230
05/16/87 3.10 120 83.04 122 1.29 172 1.12 41 5.05 244
05/18/87 7.85 80 82.68 75 1.10 130 1.00 30 4.25 232
05/19/87 7.79 72 82.62 68 1.04 118 0.96 26 4.22 236
05/20/87 7.69 59 92.45 54 0.96 103 0.94 25 3.89 230
05/22/87 7.58 46 82.26 40 0.91 94 0.95 26 3.62 211
05/23/87 7.57 44 82,27 42 0.88 89 0.93 24 3.41 198
05/27/87 7.71 61 02.54 62 l.ll 130 1.09 38 3.96 207
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05/38/87 7.70 60 83.44 54 1.14 136 1.10 39 4.13 203
05/39/87 7.70 60 83.40 50 1.14 136 1.08 37 4.00 195
05/30/87 7.63 53 83.38 49 1.10 126 1.06 35 3.97 196
06/01/87 8.00 103 82.86 98 1.34 176 1.16 45 4.03 197
06/03/87 7.59 47 83.27 42 1.14 134 1.14 43 3.66 162
06/03/87 7.59 47 83.19 37 1.15 136 1.12 41 3.65 165
06/04/87 7.68 58 83.46 55 1.20 146 1.08 37 3.78 183
06/05/87 7.66 55 82.42 53 1.17 140 1.06 35 3.68 183
06/06/87 7.64 53 82.33 45 1.17 140 1.04 33 3.68 183
06/08/87 7.61 49 83.34 47 1.16 140 1.02 32 3.78 183
06/09/87 7.61 49 82.68 77 1.34 179 1.12 41 3.91 201
06/10/87 7.60 48 82.38 43 1.20 148 1.09 38 3.72 191
06/11/87 7.56 42 82.23 40 1.12 134 0.98 29 3.37 177
06/13/87 7.54 41 82.13 35 1.08 124 0.90 22 3.02 165
06/13/87 7.53 39 1.08 124 0.86 19 2.96 158
06/15/87 7.54 41 82.17 36 1.07 122 0.84 17 2.58 146
06/16/87 7.67 56 83.41 53 1.34 179 1.20 50 3.00 147
06/17/87 7.54 41 82.19 37 1.15 138 0.96 26 2.81 151
06/19/87 7.58 46 82.24 40 1.19 148 0.96 26 2.77 142
06/30/87 7.57 44 83.33 39 1.17 144 0.96 26 2.79 135
06/33/87 7.60 48 83.29 43 1.16 142 1.00 30 2.67 132
06/33/87 7.56 43 1.15 140 1.00 30 3.62 132
06/34/87 7.60 48 82.22 38 1.16 142 1.00 31 2.76 113
06/35/87 7.57 44 82.20 37 1.18 146 0.99 30 2.31 112
06/36/87 7.57 44 82.26 41 1.18 146 0.97 29 2.20 105
06/37/87 7.58 46 82.24 40 1.18 146 0.93 25 2.22 107
06/39/87 7.56 43 82.17 36 1.16 142 0.86 19 2.23 101
06/30/87 7.56 43 82.32 38 1.13 136 0.84 18 2.01 102
07/01/87 7.56 43 83.22 38 1.12 136 0.30 15 2.04 104
07/03/87 7.55 43 82.32 38 1.11 134 0.77 14 2.03 108
07/03/87 7.56 43 82.23 38 1.11 134 0.77 14 2.10 116
07/06/87 7.54 41 82.18 36 1.08 123 0.70 9.6 2.01 114
07/08/87 7.54 41 82.13 33 1.08 128 0.68 9 1.97 114
07/09/87 7.53 40 82.17 35 1.08 128 0.66 8.1 1.91 108
07/10/87 7.54 41 82.18 36 1.08 128 0.66 8.1 1.94 110
07/11/87 7.54 41 83.21 37 1.08 128 0.66 8.1 1.94 110
07/13/87 7.53 40 82.15 34 -3.60 125 0.60 5.5 1.81 105
07/14/87 7.53 40 82.13 33 1.06 126 0.59 5.1 1.86 110
07/15/87 7.53 40 33.15 34 1.03 120 0.60 5.5 1.87 133
07/17/87 7.55 43 83.31 37 1.07 128 0.59 5.1 1.96 142
07/30/87 7.56 43 82.18 36 1.09 132 0.66 8.1 2.19 143
07/31/87 7.53 39 83.07 30 1.06 126 0.66 8.1 2.03 127
07/33/87 7.88 85 83.51 58 1.38 172 0.88 31 2.45 132
07/33/87 7.69 59 82.36 46 1.18 150 0.76 13 1.96 123
07/34/87 7.49 36 82.13 32 1.06 126 0.74 12 1.98 116
07/35/87 7.55 42 82.05 38 1.06 126 0.76 13 1.73 81
07/37/87 7.50 37 83.06 29 1.04 124 0.68 8.6 1.94 71
07/38/87 7.54 41 83.30 36 1.05 126 0.68 8.6 1.69 71
07/39/87 7.56 43 83.33 38 1.05 126 0.65 7.2 1.51 72
07/30/87 7.54 41 33.13 32 1.03 120 0.62 5.9 1.48 76
07/31/37 7.54 41 83.27 40 1.00 116 0.62 5.9 1.53 81
08/01/87 7,53 39 82.07 30 1.04
1 0 5
124 0.62 5.9 1.45 72
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08/03/87 7.56 43 62.18 35 1.04 124 0.59 4.7 1.32 60
08/04/87 7.56 43 82.18 35 1.02 120 0.58 4.3 1.25 54
08/05/87 7.54 41 82.19 36 1.02 120 0.58 4.3 1.14 54
08/06/87 7.56 43 82.18 35 1.01 119 0.58 4 1.14 51
08/07/87 7.65 54 82.20 36 1.00 118 0.56 3.3 1.12 52
08/08/87 7.53 40 82.02 27 0.98 114 0.56 3.3 1.12 51
08/10/87 7.57 44 0.96 111 0.56 3.3 1.00 40
08/11/87 7.53 40 82.06 29 0.98 114 0.56 3.3 0.99 44
08/12/87 7.54 41 82.19 36 1.02 122 0.56 3.3 0.98 44
08/13/87 7.55 42 82.20 36 0.99 118 0.57 3.6 0.94 38
08/14/87 7.61 49 82.44 52 1.09 116 0.67 7.6 1.28 51
08/15/37 7.57 44 82.26 40 1.04 126 0.64 6.3 1.24 48
08/17/87 7.64 53 82.46 54 1.11 140 0.66 7.2 1.61 55
08/18/87 7.57 44 82.24 38 1.06 130 0.65 6.7 1.47 55
08/19/87 7.58 46 82.08 30 1.00 118 0.64 6.3 1.30 44
08/20/87 7.57 44 82.20 36 1.00 118 0.61 5.1 1.25 45
08/21/87 7.55 42 82.19 36 0.98 112 0.59 4.3 1.14 37
08/22/87 7.63 52 82.26 40 0.97 112 0.60 4.7 1.14 37
08/24/87 7.55 42 82.08 30 0.98 114 0.65 6.7 1.10 36
08/25/87 7.56 43 82.25 39 1.00 118 0.65 6.7 1.13 36
08/26/87 7.56 43 82.22 37 0.98 114 0.64 6.3 1.10 36
08/27/07 7.54 41 82.09 30 0.98 114 0.64 6.3 1.13 36
08/28/87 7.56 43 82.09 30 0.96 111 0.62 5.5 1.03 34
08/29/87 7.55 42 82.16 34 0.96 111 0.61 5.1 0.94 30
08/31/87 7.55 42 82.17 34 0,94 107 0.59 4.3 0.91 31
09/01/87 7.55 42 0.94 107 0.58 4 0.89 29
09/02/87 7.55 42 0.94 107 0.58 4 0.89 29
09/03/87 7.54 41 82.18 35 0.94 107 0.58 4 0.90 30
09/04/87 7.54 41 82.15 34 0.94 107 0.58 4 0.85 26
09/05/87 7.55 42 82.22 37 0.94 107 0.57 3.6 0.36 27
09/08/87 7.55 42 82.21 37 0.90 100 0.56 3.3 0.84 25
09/09/87 7.54 41 82.09 30 0.91 101 0.56 3.3 0.89 29
09/10/87 7.54 41 82.17 34 0.89 98 0.56 3.3 0.86 27
09/11/87 7.54 41 82.15 34 0.90 100 0.56 3.3 0.86 27
09/14/87 7.53 40 82.01 27 0.86 92 0.54 2.7 0.80 26
09/15/87 7.54 41 82.21 37 0.85 91 0.52 2.2 0.77 24
09/16/87 7.55 42 82.17 35 0.85 91 0.52 2.2 0.76 23
09/17/87 7.53 46 82.10 31 0.90 100 0.56 3.3 0.70 19
09/18/87 7.57 44 82.12 32 0.88 96 0.56 3.3 0.77 24
09/19/87 7.53 40 82.12 32 0.88 96 0.57 3.6 0.80 26
09/21/87 7.53 40 82.13 33 0.85 91 0.56 3.3 0.73 22
09/22/87 7.53 40 82.03 28 0.86 92 0.56 3.3 0.72 22
09/23/87 7.53 40 82.15 34 0.89 98 0.57 3.6 0.67 19
09/24/87 7.53 40 82.14 34 0.89 98 0.56 3.3 0.76 19
09/25/87 7.54 41 82.06 30 0.82 86 0.58 4 0.62 19
09/26/87 7.59 47
09/28/87 82.26 41 0.83 87 0.57 3.6 0.61 15
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S-Canal 
below 
Big Knife Ck
Agency Ck 
above 
S-Canal
Finley Ci
Stage Stage Stage
03/16/87 0.70 0.47 0.51
03/25/87 0.55 0.46 0.72
03/31/07 0.55 0.46 0.53
04/08/87 0.68 0.70 0.68
04/09/87 0.69 0.66 0.66
04/10/87 0.67 0.63 0.65
04/13/87 0.68 0.59 0.63
04/15/87 0.68 0.61 0.62
04/16/87 0.68 0.62 0.62
04/17/87 0.68 0.65 0.64
04/18/87 0.69 0.72 0.70
04/20/87 0.69 0.66 0.68
04/21/87 0.68 0.64 0.66
04/22/87 0.68 0.68 0.67
04/23/87 0.79 0.80 0.70
04/24/87 0.82 0.90 0.31
04/25/87 0.92 0.98 0.89
04/27/87 1.00 0.95
04/28/87 0.90 1.16 1.01
04/29/87 0.92 1.30 1.13
04/30/87 0.92 1.30 1.16
05/01/87 0.90 1.40 1.29
05/02/87 0.86 1.22 1.13
05/04/87 0.79 0.97 0.94
05/05/87 0.90 0.98 0.88
05/07/87 0.94 l.IO 0.96
05/08/87 0.94 1.16 0.97
05/09/87 1.01 1.18 0.97
05/11/87 1.04 1.18 0.95
05/14/87 1.12 1.03 0.82
05/15/87 1.10 1.04 0.79
05/16/87 1.14 1.17 0.87
05/18/87 1.10 0.99 0.75
05/19/87 1.15 0.96 0.74
05/20/87 1.14 0.91 0.69
05/22/87 1.12 0.84 0.67
05/23/87 1.12 0.82 0.65
05/27/87 1.08 0.91 0.74
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05/28/87 1.08 0.94 0.78
05/29/87 0.92 0.77
05/30/87 1.08 0.92 0.76
06/01/87 1.08 0.96 0.79
06/02/87 1.08 0.92 0.77
06/03/87 1.10 0.88 0.76
06/04/87 1.09 0.87 0.75
06/05/87 1.06 0.87 0.73
06/06/87 1,06 0.90 0.73
06/08/87 1.12 0.90 0.75
06/09/87 1.21 0.92 0.74
06/10/87 1.17 0.88 0.72
06/11/87 1.18 0.84 0.68
06/12/87 1.16 0.82 0.63
06/13/87 1.14 0.80 0.63
06/15/87 1.14 0.89 0.57
06/16/87 1.22 0.81 0.66
06/17/87 1.10 0.80 0.61
06/19/87 1.14 0.77 0.62
06/20/87 1.10 0.77 0.64
06/22/87 1.10 0.79 0.62
06/23/87 1.08 0.78 0.61
06/24/87 1.08 0.78 0.69
06/25/87 1.09 0.58
06/26/87 1.07 0.75 0.57
06/27/87 1.04 0.73 0.57
06/29/87 1.05 0.74 0.59
06/30/87 1.03 0.70 0.53
07/01/87 1.04 0.70 0.53
07/02/87 1.00 0.69 0.52
07/03/87 1.10 0.69 0.52
07/06/87 1.14 0.68 0.50
07/08/87 1.14 0.67 0.49
07/09/87 1.13 0.49
07/10/87 1.14 0.66 0.49
07/11/87 1.14 0.66 0.49
07/13/87 1.14 0.47
07/14/87 1.12 0.64 0.47
07/15/87 1.15 0.62 0.45
07/17/87 1.16 0.63 0.44
07/20/87 1.16 0.64 0.49
07/21/87 1.14 0.63 0.48
07/22/87 1.13 0.72 0.57
07/23/87 1.12 0.76 0.47
07/24/87 1.10 0.70 0.49
07/25/87 0.70 0.51
07/27/87 0.98 0.66 0.61
07/28/87 1.07 0.66 0.53
07/29/87 1.06 0.63 0.47
07/30/87 1.08 0.61 0.45
07/31/87 1.10 0.64 0.45
08/01/87 1.14 0.63 0.45
108
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
08/03/97 1.04 0.61 0.45
08/04/87 1.00 0.60 0.45
08/05/87 0.96 0.60 0.41
08/06/87 0.88 o ^ a 0.42
08/07/87 0.86 0.60 0.41
08/08/87 0.87 0.58 0.41
08/10/87 0.80 0.58 0.41
08/11/87 0.80 0.58 0.39
08/12/87 0.80 0.58 0.39
08/13/87 0.84 0.58 0.40
08/14/87 0.92 0.63 0.47
08/15/87 0.87 0.60 0.47
08/17/87 0.86 0.63 0.57
08/18/87 0.84 0.62 0.52
08/19/87 0.84 0.60 0.51
08/20/87 0.84 0.60 0.49
08/21/87 0.82 0.58 0.49
08/22/87 0.82 0.58 0.49
08/24/87 0.82 0.58 0.48
08/25/87 0.80 0.56 0.49
08/26/87 0.81 0.56 0.48
08/27/87 0.56 0.49
08/28/87 0.79 0.56 0.46
08/29/87 0.79 0.56 0.45
08/31/87 0.92 0.54 0.43
09/01/87 0.80 0.54 0.43
09/02/87 0.79 0.54 0.43
09/03/87 0.80 0.53 0.43
09/04/87 0.80 0.53 0.43
09/05/87 0.80 0.52 0.43
09/08/87 0.79 0.52 0.44
09/09/87 0.76 0.52 0.43
09/10/87 0.75 0.52 0.43
09/11/87 0.76 0.52 0.43
09/14/87 0.74 0.51 0.41
09/15/87 0.75 0.51 0.41
09/16/87 0.74 0.51 0.41
09/17/87 0.74 0.51 0.41
09/18/87 0.74 0.52 0.41
09/19/67 0.73 0.50 0.41
09/21/87 0.74 0.49 0.41
09/22/87 0.74 0.49 0.40
09/23/87 0.73 0.49 0.40
09/24/87 0.74 0.49 0.45
09/25/87 0.72 0.48 0.37
09/26/87
09/28/87 0.74 0.48 0.40
1 0 9
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A P P E N D I X  F. S y n o p t i c  g a g i n g  r e s u l t s
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a p p e n d i x  F - Synoptic gaging results (Source: C.S.K.T.)
The technique used to determine d i scharge at a given site is 
listed in p arenthesis after the location description.
KEY
CSKT - Confe d e r a t e d  Salish Kootenai Tribe gaging station.
USGS - U.S. Geological Survey gaging station.
metered — calculated from velocity and water depth 
m e a s u r e m e n t s .
computed - calculated above or below a tributary by adding
or subtracting the tributary d i s c h a r g e  to the discharge 
of the main stream.
observed - estimated (also designated by an "e" following 
d i s c h a r g e  value.
Ill
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MEASUREMENT NO.; . 01/28/87
Measurement Site_______________ Flow(cfs)
Water 
Temp. 
(oC)
Elec
Cond
( urn/c:
8.6 5.0
12 - -
20 3.0 -
0 — -
7e 2.5 185
0 — -
, 6.5 — -
4.5e -
44 4.0 195
29 2.5 213
O.Se 8.5 315
51 4.5 238
7.7 1.0 97
3.5 2.0 59
2.6 2.0 59
O.Ole - -
0.42 0.0 -
•) 0.89 0.0 -
) 9.5 0,0 133
2.9e 1.0 78
8.7 -0.5 140
60 4.0 233
0.5e - -
60 - -
86 4.0 —
0.30 5.5
19 7.0 -
17 6.5 -
115 4.5 260
10 1.4 180
125 4.0 260
133 5.0 2 4 4
2e - -
131e — -
130 4.0 258
(Middle Fork) Jocko Rvr ab South Frk (CSKT) 
South Fork Jocko River (USGS)
Jocko River bl Middle-South Frk (computed) 
Jocko "S" Canal head (observed)
Jocko River bl North Fork
Jocko "K" Canal head (observed)
Big Knife Crk nr Arlee (USGS)
Big Knife Creek bl Jocko "S" Canal 
Jocko River below Big Knife Creek (CSKT) 
Jocko River ab Hatchery (3/4 mi) (metered) 
Jocko Hollow Springs at Hatchery 
Jocko River ab Finley Creek (computed) 
Finley Creek near Arlee (CSKT)
East Finley Creek nr Arlee (CSKT)
East Finley Crk bl Jocko "N" Cnl (CSKT) 
Jocko "S" Canal near Mouth (observed) 
Jocko "E" Canal near Mouth (metered) 
Unnamed Trib to Finley Crk at Arlee(mtr 
Finley Creek at Arlee on Couture Loop(mtr 
Agency Creek near Arlee (CSKT)
Finley Creek at Mouth (CSKT)
Jocko River below Finley Creek (CSKT)
Jocko Lower "S" Canal head (observed) 
Jocko Rvr bl Lower Jocko "S" Cnl (computed) 
Jocko River at Section 21 bridge (metered) 
Jocko Spring Creek:
Lamoose Creek ab Jocko "K" Canal (CSKT) 
Jocko Spring Creek near Arlee (CSKT)
Jocko Spring Creek at highway (metered) 
Jocko River above Valley Creek (metered) 
Valley Creek at mouth 
Jocko River below Valley Creek (metered) 
Jocko River bl HWY 200 Bridge (metered) 
Lower Jocko "J" Canal at head (observed) 
Jocko River bl Lower Jocko "J" Cnl (comp) 
Jocko River at Dixon (CSKT)
11:
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MEASUREMENT NO.: 02/09/87 Water Elec.
Flow Temp. Cond.
Measurement Site (cfs) (oC) (um/cm)
(Middle Fork) Jocko Rvr ab South Frk (CSKT) 8.6 3.0 199
South Fork Jocko River (computed) 9 - -
Jocko River bl Middle-South Frk (metered) 18 3.0 -
Jocko "S" Canal head (observed) 0 - -
Jocko River ab North Fork Jocko (metered) 14 0.5 -
North Fork Jocko Rvr ab Grizzly Crk (meterd) 12 4.0 -
Grizzly Creek at mouth (metered) 3.0 - -
North Fork Jocko Rvr at mouth (computed) 15 - -
Jocko River bl North Fork (computed) 29 - -
Gold Creek at mouth (observed) 0 - —
Pistol Creek at mouth 1.6 1.0 345
Jocko River above "K" Canal (metered) 59 4.5 -
Jocko "K" Canal head (observed) 0 - -
Jocko River bl "K" Canal (computed) 59 — -
Big Knife Creek at mouth 0.92 1.5 —
Jocko River below Big Knife Creek (CSKT) 46 3.0 -
Jocko River below Finley Creek (CSKT) 62 4.5 -
Jocko River at Dixon (CSKT) 123 1.5 —
1 1 3
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measurement n o .: 06/11/87 Water Elec.
Plow Temp. Cond,
Measurement Site __________________________  (cfs)____(oCj-(urn/cmj
(Middle Pork) Jocko Rvr ab South Frk (CSKT) 64 9.5
Jocko "S" Canal head 41 - -
Jocko River ab "K" Canal (computed) 213
Jocko "K" Canal head 175 11.0 -
Jocko River ab Big Knife Creek (metered). 38 9.0
Big Knife Creek at mouth (metered) 5,0 10.0
Jocko River below Big Knife Creek (CSKT) 40- 11.0
Jocko River ab Pish Hatchery (§1 1/4mi)(mtr) 62 14.0
Jocko River ab Pish Hatchery (§3/4mi) (mtr) 62 14.0 -
Jocko River ab Pinley Creek (computed) 107 -
Pinley Creek near Arlee (CSKT) 21 - -
East Pinley Crk bl Jocko "N" Cnl (CSKT) 7.6 8.0
Agency Creek near Arlee (CSKT) 16 - -
Agency Creek bl Jocko "J" Canal (meterd) 9,6 12.0
Agency Creek bl Jocko "E" Canal (meterd) 0.81 18.0 -
McClure Creek near Arlee (CSKT) 0.49 13.0
Pinley Creek at Mouth (CSKT) 28 11.0
Jocko River below Pinley Creek (CSKT) 135 11.0
Jocko Spring Creek:
Lamoose Creek ab Jocko "K" Canal (CSKT) 0.54 17.0 -
Jocko Spring Creek near Arlee (CSKT) 30 14.0
Jocko River at Dixon (CSKT) 221 15.5
114,
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MBASORBMBNT NO.: 09/15/87 Water Elec.
Flow Temp. Cond. 
Measurement Site_______________________________
(Middle Fork) Jocko Rvr ab South Frk (CSKT)
South Fork Jocko River (USGS)
Jocko River bl Middle-South Frk 
Jocko "S'* Canal head (observed)
Jocko "S" Canal bl Big Knife Creek (CSKT)
Jocko River ab North Fork (metered)
North Fork Jocko at mouth (metered)
Jocko River bl North Fork (computed)
Jocko River ab *K" Canal (metered)
Jocko "K" Canal head (metered)
Jocko River bl "K" Canal (computed)
Big Knife Crk nr Arlee (USGS)
Big Knife Creek at mouth (metered)
Jocko River below Big Knife Creek (CSKT)
Jocko River ab Hatchery (3/4 mi.) (metered)
Jocko River ab Finley Creek (computed)
Finley Creek near Arlee (CSKT)
Agency Creek near Arlee (CSKT)
Finley Creek at Mouth (CSKT)
Jocko River below Finley Creek (CSKT)
Jocko Lower "S" Canal at head (metered)
Jocko Lower "S" Canal return (observed)
Jocko River bl Lower Jocko "S" Cnl (comptd)
Jocko River at Section 21 bridge (metered)
Jocko Spring Creek :
Lamoose Creek ab Jocko "K" Canal (CSKT)
Jocko Spring Creek near Arlee (CSKT)
Jocko Spring Creek at mouth 
Jocko River above Valley Creek (metered)
Valley Creek at mouth (metered)
Jocko River below Valley Creek (CSKT)
Jocko River bl HWY 200 Bridge (metered)
Lower Jocko "J" Canal at head (CSKT)
Jocko River bl Lower Jocko "J" Cnl (comptd)
Jocko River at Dixon (CSKT)
9.8 10.0
17 8.5 -
27 — -
O.Ole 10.0 —
6.6 — —
19 10.0 —
4.3 8.0 —
23 -
66 8.0 -
23 — -
43 - -
7.8 8.0 -
1.9 9.5 -
34 8.0 -
38 9.0 —
90 - -
5.5 - -
4.3 9.0 —
2.0 12.0 -
92 9.0 —
16 10.0 -
0.05e 10.0 —
76 — —
98 10.0 —
0.25 10.0 —
29 9.5 -
26 10.0 -
145 10.5 -
9.7 11.0 -
157 11.0 —
146 13.0 -
24 11.0 —
122 - —
133 12.0 —
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A P P E N D I X  G. W a t e r  c h e m i s t r y  r e s u l t s
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APPENDIX 8 * Water Chemistry Results
LOCATION DATE IDS Ca K Mg Na Cl HC03 N03 S04Hatchery 04/25/07 283 42.0 1.2 10.5 1.6 1.5 214.8 1.2 2.4
Helen Fm 11/11/87 339 52.1 1.1 17.6 5.2 1.0 256.8 0.0 5.9
Jocko River 04/25/87 169 27.2 0.5 5.3 1.3 0.5 128.1 0.1 1.7
Jocko River 11/11/07 171 29.5 0.5 7.2 1.4 0.2 129.5 0.1 0.8
MW-Al 11/11/87 113 13.1 0.7 7.1 4.3 0.7 85.8 0.1 0.5
MW-A3 04/25/87 119 12.1 0.8 9.1 7.3 0.6 90.6 0.7 2.1
MW-A3 11/11/87 125 10.9 0.8 8.7 7.2 0.4 95.1 0.2 1.4
MW-A4 04/25/87 113 23.3 1.5 5.9 1.2 1.4 35.8 1.1 2.8
MW-A5 11/11/87 164 21.0 0.7 9.0 6.4 0.7 124.2 0.2 1.1
MW-Jl 04/25/07 241 34.3 0.6 7.4 1.5 0.5 182.7 0.1 1.9
MW-J3 04/25/87 310 34.5 1.6 27.7 9.5 1.3 235.2 0.9 14.8
MW-J3 11/11/87 301 31.2 1.4 25.1 9.5 1.7 228.5 0.3 14.2
MW-J4 11/11/07 231 36.2 0.6 11.9 2.5 0.5 175.0 0.4 1.4
MW-J9 04/25/87 213 29.1 0.9 11.6 1.2 0.4 161.1 0.1 2.1
MW-J9 11/11/87 195 27.5 0.9 12.1 1.6 0.4 147.5 0.1 1.3
nw-jio - 04/25/87 135 15.0 0.6 4.6 18.0 2.0 102.6 0.9 3.6
MW-J12 04/25/87 231 32.4 3.6 8.3 14.2 4.5 174.9 1.1 9.4
1 1 7  -
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a p p e n d i x  H  -  A n n u a l  p r e c i p i t a t i o n  a n d  s n o w - p a c k  d a t a
P r e c i p i t a t i o n  d a t a  i s  f r o m  N a t i o n a l  W e a t h e r  S e r v i c e  r e c o r d s  f o r  
S t .  I g n a t i u s .  S n o w p a c k  d a t a  i s  f r o m  S o i l  C o n s e r v a t i o n  S e r v i c e  
f o r  t h e  n o r t h  f o r k  o f  t h e  J o c k o  R i v e r .
A N N U A L  P R E C I P I T A T I O N
Y e a r P r e c i p .  ( i n ) Y e a r P r e c i p .  ( i n )
1 9 0 9 1 5 . 2 7 1 9 5 0 1 5 . 9 4
1 9 1 0 1 4 . 3 6 1 9 5 1 1 8 . 9 4
1 9 1 1 1 8 . 6 8 1 9 5 2 1 0 . 2 9
1 9 1 2 1 6 . 7 0 1 9 5 3 1 2 . 3 0
1 9 1 3 1 7 . 1 5 1 9 5 4 1 5 . 5 1
1 9 1 4 1 7 . 9 3 1 9 5 5 1 6 . 1 5
1 9 1 5 2 1  . 8 8 1 9 5 6 1 9 . 6 3
1 9 1 6 2 5 . 1 5 1 9 5 7 1 6 . 4 4
1 9 1 7 1 4 . 3 2 1 9 5 8 1 8 . 0 2
1 9 1 8 1 2 . 0 1 1 9 5 9 2 1  .61
1 9 1 9 1 1 . 5 8 1 9 6 0 1 1 . 5 2
1 9 2 0 1 4 . 9 6 1 9 6 1 1 8 . 1 7
1 9 2 1 1 2 . 5 8 1 9 6 2 1 4 . 7 2
1 9 2 2 1 2 . 9 9 1 9 6 3 1 3 . 7 9
1 9 2 3 1 8 . 6 5 1 9 6 4 1 7 . 4 6
1 9 2 4 1 4 . 2 6 1 9 6 5 1 7 . 3 7
1 9 2 5 1 9 . 7 8 1 9 6 6 1 5 . 3 4
1 9 2 6 1 4 . 9 2 1 9 6 7 1 3 . 3 1
1 9 2 7 1 8 . 4 2 1 9 6 8 1 9 . 6 3
1 9 2 8 1 3 . 4 5 1 9 6 9 15. 16
1 9 2 9 1 3 . 8 5 1 9 7 0 2 2 . 0 7
1 9 3 0 1 4 . 6 3 1 9 7 1 1 5 . 8 3
1 9 3 1 1 1 . 1 8 1 9 7 2 1 4 . 3 1
1 9 3 2 1 4 . 6 1 1 9 7 3 1 1 . 9 1
1 9 3 3 1 6 . 3 1 1 9 7 4 1 4 . 5 8
1 9 3 4 12. 15 1 9 7 5 1 7 . 9 5
1 9 3 5 8 . 7 7 1 9 7 6 1 3 . 5 1
1 9 3 6 1 1 . 8 5 1 9 7 7 1 2 . 8 0
1 9 3 7 1 2 . 7 3 1 9 7 8 2 0 . 0 6
1 9 3 8 1 5 . 0 7 1 9 7 9 1 2 . 3 7
1 9 3 9 1 2 . 8 0 1 9 8 0 2 4 . 6 9
1 9 4 0 1 4 . 1 8 1 9 8 1 2 1  . 0 6
1 9 4 1 1 7 . 9 4 1 9 8 2 1 8 . 2 7
1 9 4 2 1 7 . 9 2 1 9 8 3 1 9 . 5 0
1 9 4 3 1 6 . 2 9 1 9 8 4 1 4 . 9 4
1 9 4 4 1 4 . 3 9 1 9 8 5 1 6 . 2 7
1 9 4 5 1 4 . 5 7 1 9 8 6 1 8 . 7 4
1 9 4 6 1 4 . 9 7 1 9 8 7 1 5 . 7 1
1 9 4 7 1 9 . 0 0
1 9 4 8 1 9 . 6 4
1 9 4 9 1 2 . 4 0
1 1 9
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J P A C K D A T A  -  N O R T H F O R K J O C K O  R I V E R
J a n F e b M a r A p r M a y J u n
Y e a r s n o w / w a t e r  e q u i v a l e n t ( i n c h e s )
1 9 4 1 2 0 . 9 2 3 . 2 2 1 . 3 1 7 . 1
1 9 4 2 2 1 . 7 2 7 2 2 . 9
1 9 4 3 4 1 . 2 4 2
1 9 4 4 2 0 . 1 2 8 . 4
1 9 4 5 3 2 . 6 3 6 . 9
1 9 4 6 4 4 .  1 4 8 . 5
1 9 4 7 4 8 . 8 5 2
1 9 4 8 3 9 . 5 4 6 . 2
1 9 4 9 3 7 . 4 4 0
1 9 5 0 3 0 . 9 4 5 5 6 . 3 5 9 . 6 4 4 . 6
1 9 5 1 4 0 4 5 . 8 4 3 . 4 2 8 . 7
1 9 5 2 3 7 . 4 4 4 . 2 3 5 . 1 6 . 4
1 9 5 3 3 7 4 2 . 7 4 2 . 9 3 4
1 9 5 4 4 2 . 1 4 9 5 0 . 3 3 0 . 2
1 9 5 5 3 0 . 2 4 . 8 4 5 . 6 3 1  .1
1 9 5 6 4 6 . 8 5 0 . 5 4 8 . 3 2 4 . 6
1 9 5 7 3 5 . 6 4 2 4 2 . 8 1 4 . 8
1 9 5 8 4 3 . 4 4 6 . 4 5 1 . 7 1 9 . 4
1 9 5 9 4 8 . 4 6 2 . 4 6 2 . 4 5 2
1 9 6 0 3 3 . 3 4 0 . 8 4 0 . 7 3 3 . 4
1 9 6 1 4 0 . 3 4 4 . 4 5 5 . 6 3 9 . 1
1 9 6 2 4 3 4 9 . 3 4 8 . 8 3 5
1 9 6 3 3 4 . 4 3 7 3 9 . 2 2 1 . 8
1 9 6 4 4 1 5 3 . 3 5 8 . 1 4 1 . 8
1 9 6 5 4 9 . 8 5 5 5 5 3 3 . 9
1 9 6 6 3 3 . 8 3 6 . 6 3 6 . 2 7 . 4
1 9 6 7 4 9 . 8 5 8 . 2 5 9 4 2
1 9 6 8 3 6 . 3 4 0 . 6 4 3 . 8 2 9 . 7
1 9 6 9 4 2 . 9 4 4 . 8 3 9 . 8 9 . 4
1 9 7 0 3 6 . 4 4 9 . 6 5 3 3 4 . 2
1 9 7 1 4 7 . 6 6 0 5 7 3 1 . 4
1 9 7 2 5 7 . 3 6 5 . 5 6 9 . 8 4 8 . 9
1 9 7 3 2 8 . 6 3 2 . 3 3 1 . 2 9 . 2
1 9 7 4 4 6 . 3 5 2 . 2 5 7 . 1 5 1 . 4
1 9 7 5 4 5 . 2 5 2 . 1 5 6 . 7 4 8 . 3
1 9 7 6 4 3 . 9 5 3 . 1 51 .9 2 1 . 8
1 9 7 7 2 3 . 4 3 5 .  1 2 8 . 7 12
1 9 7 8 4 9 . 7 5 0 . 5 5 2 . 1 4 1  . 1
1 9 7 9 1 7 . 7 2 5 3 8 . 7 4 7 . 2 4 5 . 9 2 5 . 3
1 9 8 0 1 4 . 5 19. 1 2 6 . 7 3 5 . 9 2 7 . 4 5 . 5
1 9 8 1 1 3 . 8 1 8 . 8 2 7 . 8 3 2 3 3 . 7 2 0 . 4
1 9 8 2 1 7 . 4 3 0 . 4 4 2 . 2 5 4 . 3 5 5 . 3 3 9 . 6
1 9 8 3 17 2 8 . 1 3 4 . 6 3 9 . 7 3 4 . 8 2 5 . 2
1 9 8 4 1 9 2 4 . 4 3 1 . 6 3 9 . 8 3 9 . 4 2 9
1 9 8 5 2 0 . 2 2 5 . 5 3 3 . 8 3 5 . 9 3 4 . 5 7
1 9 8 6 1 7 19 3 2 . 2 3 6 . 6 4 0 . 3 8 . 6
1 9 8 7 1 3 . 4 2 0 . 9 2 5 . 2 3 0 .  1 2 1 . 1 0 . 7
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